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Whatever the 


there is a right wire for it 


—And there is one dependable source—with over 50 years 
experience—to meet your every need. Specialized new 
wires are engineered for every phase of the industry— 
and Belden quality assures lowest over-all cost on 
your production line. 


if it’s worth engineers’ time 


it’s worth engineered wire 


Belden) -~- 


WIREMAKER FOR INDUSTRY ONE QUALITY 
SINCE 1902 
CHICAGO 


Magnet Wire * Lead Wire * Power Supply Cords, Cord Sets and Portable Cord ¢ Aircraft Wires 
Welding Cable * Electrical Household Cords * Electronic Wires * Automotive Wire and Cable 
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Symbol of a Reputation 


- @ reputation for integrity, for quality and 
service ... for advanced creative engineering 
achieved by New Departure in over half a cen- 
tury of precision ball bearing manufacture. 
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You'll find this emblem is also symbolic of our 
determination to continue, in the fullest meas- 
ure, all those factors which have built that 
reputation. It is a visual pledge of this reso- 
lution to all our customers, present and future. 
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“D> 
turning point of 
modern industry 


NEV DEPARTURE 


DIVISION OF GENERAL MOTORS —-BRISTOL, CONN. 
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for high or low 
temperatures 
... choose 


bP Ge te 


electrical QEU(@ cee 


insulating 
materials 


105°C ae — 


Temperature definitions from AIEE No. 1, 
June 1957 Bulletin, ‘‘General Principles 
upon Which Temperature Limits Are Based 
in the Ratings of Electric Equipment”, 
published by American Institute of Elec- 
trical Engineers. 


Pa 
F 90°C (Class O) Materials or combi- T9Q°( + - 
eo Mol Mullis Mita Mer Mae) iolie 
silk, & paper without impregnation. 


It is opportune, as a new temperature classification is 
introduced such as in the case of Class F (155°C), for 
IMC to emphasize to you a most important fundamental 

thermal aging is a major cause of insulation failure 

The temperature ceiling of a particular insulating ma- 
terial is of vital importance in establishing its life expect 
ancy. However, due to many other determining influ 
ences, our collective aims must be to determine the per- 
formance of a system or group of materials for a given 
functional requirement 

It is a challenge to every segment of our industry to 
determine how well various materials work together 
how compatible they are with each other under specific 
operating conditions. Here at IMC we are aggressively 
meeting this challenge 

IMC, a leader in the field of electrical insulation, is 
aware of the great need for authentic data and will contin- 


180°C (Class H) Definition: Materials or 
elu eieur meme ale Mita mel ET eels 
elastomer, mica, glass fiber, asbestos, 
etc., with suitable bonding substances 
els Mer Mel) lee) ele Miia Mei MeO 
materials or combinations of materials 
may be included in this class if by exper- 
ience or accepted tests they can be 


shown to be capable of operation at 
180°C. 


155°C (Class F) Definition: Materials or 
combinations of materials such as mica, 
glass fiber, asbestos, etc., with suitable 
bonding substances. Other materials or 
combinations of materials, not necessari- 
ly inorganic, may be included in this class 
if by experience or accepted tests they 


can be shown to be capable of operation 
at 155°C. 


130°C(Class B) Definition: Materials or 
combinations of materials such as mica, 
glass fiber, asbestos, etc., with suitable 
bonding substances. Other materials or 
combinations of materials, not necessari- 
ly inorganic, may be included in this class 
if by experience or accepted tests they 


can be shown to be capable of operation 
at 130°C. 


105°C (Class A) Definition: Materials or 
combinations of materials such as cotton, 
silk, and paper when suitably impregnated 
or coated or when immersed in a dielec- 
tric liquid such as oil. Other materials or 
combinations of materials may be in- 
cluded in this class if by experience or 
accepted tests they can be shown to be 
capable of operation at 105°C. 


ue to release only reliable information. We will continue 
to urge that industry consider all vital factors for the 
required balance as contrasted to the emphasizing of any 
single characteristic. 

You eliminate guesswork when it comes to selecting 
insulating materials that will meet specified temperature 
requirements—you eliminate it by choosing IMC 
trical insulating materials 

IMC offers you the services of specialists, men who are 
trained and qualified to evaluate materials to help you, 
not only to select but also to apply or use correctly the 
best possible materials for each type of electrical system 
at the lowest cost. 

We would like to introduce you to our complete line of 
insulating materials and products. Write for our Products 
List or request information on any specific electrical insu- 
lating material. 


elec- 


Inmanco products are manufactured exclusively by... 


INSULATION MANUFACTURERS CORPORATION 


CHICAGO 6, ILLINOIS @ 565 W. Washington Boulevard @ Phone CEntral 6-7320 


CLEVELAND 14, OHIO @ 


1231 Superior Avenue, N. E. @ Phone SUperior 1-2310 


Offices, Representatives, and Distributors in Principal Cities 
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Here are laminations for miniaturization 


If you are making transformers for transistorized or other 


miniaturized equipment, information about our ultra-small 
size “performance-guaranteed” laminations can be impor 
tant news to you. These nickel-iron laminations are produced 


in standard gauges, and are available in Hy Mu 80, 48 Alloy 
and, if required, Orthonol 


Dry-hydrogen annealed by our exclusive process, thes 
laminations provide all-important uniform quality. This 
annealing at a dewpoint of -60°C. brings our Performance- 
Guaranteed laminations to ultimate permeability from as 


little as 5°) of that value in the unannealed state. 


Like all laminations from Magnetics, Inc., the “miniatures” 
are packed in standard nine-inch boxes to facilitate handling 
in your plant, and are immediately available from stock. 


These features alone provide substantial savings. 


Edges of these fine tolerance laminations are cut off squarely 
and cleanly to minimize air gap where mating parts are 


butted. Thus, high operating efficiency is insured. 


There’s no room here for the really detailed story, but for 
complete information on our “Performance-Guaranteed” 
magnetic laminations, send for our newest catalog—just 
published—ML-301. Write today 


EM-41, Butler, Pennsylvania. 


Magnetics, Inc., Dept. 


MAGNETICS inc. 
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Now... measure 200 to 10,000 amperes with 
isolated meters—CONTROL’s Standard Transductors 


CONTROL transductors have made obsolete the use of 


shunts for metering or recording heavy d-c loads. Now, 


for the first 


time, a standard line of transductors 


nine units ranging from the -00-amp to the 10,000-amp 
S17¢ 


high 


make it possible for the systems engineer to measure 


bus currents without 


direct electrical 


connections 


into the circuit 


CONTROL transductors are saturable reactors, through 


which the bus or cable passes. Output is linearly propor 
tional to the bus current, with an accuracy to + 1% of 
full scale reading. Supply voltage variations of + 10‘ 


will not affect this accuracy. 


Reliability begins 
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In addition to eliminating the need for breaking into the 
circuit for connections, the CONTROI transductor has 
inother major advantage over the shunt-millivoltmeter. 
The transductor will deliver relatively large amounts of 


power to permit such things as overload re laying and to 
permit a feedback signal for a magnetic amplifier. 


No longer need you be dependent upon “what's avail- 
able” or a special design. Catalog T-10 gives you a stand 
ard range of transductor sizes to meet your every need. 
For full details... CONTROL, Dept. EM-43, Butler, Pa 


with CONTROT. 
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in This issue 


Components, Electrical Electronic 
Magnetic Components 
Storage Devices 


Your Classification: 


Cryogenic Devices in Logical 
Circuitry and Storage 


Review of superconductor theory and laboratory developments 
in cryotrons, new logical components based on the destruction 
of superconductivity by a magnetic field. Applications in com 
putor logic and memory circuits are described. 


J. W. Bremer, General Engineering Laboratory, General Electric 
Company. Schenectady, N. ¥ 


Electrical Manufacturing 1958 February p 78 6 pp 


Materials, Electrical / Electronic 
Electrical Insulation and Dielectrics 

Components, Electrical Electronic 
Wire and Cables 


Your Classification: 


Evaluation and Applications of 
Fiber-Insulated Magnet Wire 


Complete spectrum of fibrous, film and composite magnet wire 
insulation is reviewed as complement to previous article by 
same authors on enameled magnet wire (October 1957, page 


129). Characteristics are listed, advantages and disadvantages 
of various types are compared, and applicable areas of use are 
listed. Insulations discussed include nylon yarn, polyster yarn, 


asbestos paper, glass fibers, polyester film 


H. L. Saums and W. W. Pendleton, Magnet Wire Researcl 
Laboratory, Anaconda Wire & Cable Co., Muskegon, Mich 


Electrical Manufacturing 1958 February p 93 11 pp 


Materials, Mechanical Structural 


Your Classification 
Protective Coatings 


Electrically Conductive Chromate 
Surface Conversion Coatings 


Metal finishes with good non-porous anti-corrosion properties, 
high strength and flexibility, and good electri 


cal conductivity 
are described. Together with j 


substantiating electrical and 
physical test data, comparative studies of other finishes and 
typical design applications of these coatings are presented. 


R. Stricklen, Allied Research Products, Inc., Baltimore, Md. 


Electrical Manufacturing 1958 February p 106 5 pp 


Control 


Your Classification: 
Case Histories 


Flip-Flops and Diode Gates Translate 
Punched-Tepe Program 


Basic logic circuitry of the machine control unit of the Bendix 


numerical control system developed for multi-axis continuous- 
path milling machines. 


G. H. McDaniel and Robert C. Sims, Bendix Aviation Corp., 
Detroit, Mich 


Electrical Manufacturing 1958 February p 84 9 pp 


Testing 
Components 
Systems 

Control 
Systems & Servos 


Your Classification 


Input Simulation for Servo 
Test Accuracy 


For testing of servo systems and other measurements in which 


the input signal is a voltage analog of angular posit 


position, a 
resistance network can simulate a high precision synchro or 


resolver and dividing head. The development of the network 
the requirements for the auxiliary null-detection equipment and 


other uses for the resulting synthesized signal are described 


Stanley Handelman, Theta Instrument Corp., East Paterson 
N. J 
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Motors 
Integral-Hp 
Fractional-Hp 
Materials, Electrical / Electronic 
Contact Materials 
Components, Electrical Electronic 
Contact Devices 


Your Classification 


Brush Choice and Use for 
Machine Efficiency 


The general properties and scopes of application of various 
types of electrical brush materials are outlined, together with 
considerations of brush size and shape details. Brush mounting 
and connection accessories in their various forms are also 
described, with the reasons for their development and_ use. 


W. Siebenmorgen and J. C. Copella, Speer Carbon Co., | 
St. Marys, Pa. | 
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@ Subject-classified annotated references for clipping and pasting on standard 3 x 5 file cards 


Components, Electric Electronic 
Magnetic Components 
Design Considerations 
Miniaturization 
Space and Weight Factors 


Designing Minimum Weight 
Magnetic Cores 


Your Classification 





A straight-forward procedure. developed during the design of 
satellite instrumentation for Project Vanguard. r minimizing 
the weight of core, case and coil—with provision for alse 


minimizing weight of voltage supply battery and associated 
components 


J. W. Kallander. U.S. Naval Research Laboratory, Washington, 
Dp. ¢ 


Electrical Manufacturing 1958 February p 118 6 pp 


Design Considerations 
Component Design Factors 
Materials, Electrical Electronic 
Electrical Insulation and Dielectrics 


Your Classification 


Stable RF Transformer Package 


Design of a stable RF bifilar transformer for conventional or 


printed wiring systems. Design features an internal printed 
circuit for coil termination and mounting of con ponents. 


D. M. Lisbin, Components Engineering Section, Westinghouse 
Air Arm Division. Baltimore, Md 


Electrical Manufacturing 1958 February p 135 3 pp 


Instruments and Test Equipment 
Design 


Your Classification 


Transistors in Measuring Instruments 


1. Millivoltmeter Features Hybrid Augmented Cathode Fol- 
»wer. A new a-c millivoltmeter, utilizing a unique combination 
of vacuum tube and transistor in the input stage, is described 
in detail, including complete schematic diagram of circuit. 
2. Clamp-Type Microammeter Developed for High Frequencies. 
Applying the principle of measuring current without inter- 
rupting the circuit to low-level high-frequency circuits is dis- 
cussed and the design of a transistorized amplifier for such 
a meter is given. 


1. E. J. Peterman, Fisher Research Laboratory, Inc., Palo Alto, 
Calif 
2. Staff Report. 


Electrical Manufacturing 1958 February p 140 4 pp 


Subject Classification, circle 736 on page !|7 


Control Your Classification 
Theory 

Design Considerations 
Specifications & Standards 


The Anatomy of Automation—ll 


assity 


Continuing the tabular pattern of Part I, the author 





itomation’s “nervous system” and “brain” in Part II. The 
former is defined by various modes of control, measurement 
ind dimensions, sensing elements, feedback and process sens- 
ng. The authors define machine and delineate 
nental” operations that can be performed by machines, 
including computer type of control. 
George H. Amber and Paul S. Amber, Consulting Engineers, 


Detroit 35. Micl 


Electrical Manufacturing 1958 February p 124 11 pp 


Components, Electrical Electronic 
Shielding Devices 


Your Classification 


Magnetic Shielding 





jesign magnetic shields for transformers, 
omultiplier tubes, etc. Fabrication tec! 
nance as well as cost are described 





W. S. Spring. Magnetics, Inc.. Butler, Pa 
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Materials, Electrical Electronic 
Electrical Insulation and Dielectrics 
Testing 
Materials 


Your Classification 


Microwave Properties of Solid 
Dielectrics up to 3000 F 


Article describes measurement of dielectric constant and loss 
of solid dielectric at 3000 mc/sec with apparatus able yield 
nearly uniform accuracy from room temperature to 3000 F. 
Measurements on high-alumina materials shew practical tem 
perature limits of operation as dielectrics at the frequency 
employed. Results on thermosetting laminates indicate tem- 
perature limits above which irreversible changes in dielectric 
properties occur. 


D. M. Bowie, Melpar, Inc., Falls Church, Va. 


Electrical Manufacturing 1958 February p 144 5 pp 
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MOTOR RUNNING 


_ 


MAGNETO IGNITION 


POWER FACTOR CORRECTION 
FOR ORIGINAL EQUIPMENT 


Longer life? These and many other desirable characteristics are 
Greater stability? available in EUC capacitors. EUC engineers have been 
Smaller physical size? supplying the capacitor needs of some of the leading 
Higher operating ambient? equipment manufacturers since 1934 (our original customer 
Lower operating losses? is still our customer). 

To meet government require- WANT TO KNOW MORE ? ? ? Send for our new 
ments? application manual and catalog . . . learn more about 
Higher or lower frequencies? our meticulous quality control and other factors important 


ELECTRICAL Urinities Co. 


LA SALLE © ILLINOIS 
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Research 
Horizons 


An Expanded 
“‘Research Horizons” 


Our readers will note, beginning with 


this issue, increased space given to 
this department and the inclusion of 
longer items dealing with various 
phases of research reported both by 
contributors and staff editors. This in 
no way indicates a change in _ basi¢ 
editorial policy, but rather a re-em- 


phasis of the original scope and ob- 


Machine for Reading 
Handwritten Numerals 


[ransistorized logic circuits form the 
basis of this experimental device, in- 
vented by Tom L. Dimond, Bell Tele- 
phone Laboratories, to read handwrit- 
ten numerals. Application is seen in 


situations where it is necessary to 


write and identify large quantities of 
numerals. For example, each “long 
distance ticket” used in the Bell Sys 
tem contains 20 to 30 handwritten 
Device uses a special writ- 
ing plate (to which Mr. Dimond is 
pointing in the illustration at the right). 
The characters must be written (with 
a metal stylus) 


characters. 


within a 2-dot con- 
straining area shown in the diagram 
below, left. The seven radius vectors. 
made of plastic-embedded conducting 
materials, are crossed at different loca- 


tions as each particular numeral is 


Peat is 
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ective of the department, as stated in 
our first issue, some seven years ago: 


1. “Research 


conceived as a 


Horizons” has _ been 
bridge connecting, 
on the one hand, today’s research 
with practical developments of to 
morrow, and, on the other hand, 
the attainments of yesterday with 


continuing research today. 


2. It is thus the monthly responsi 
bility of this department to bring 


written. As necessary crossings are 
made, information is fed to the as- 
sociated translator, logic circuits, and 
the utilization circuit. Block diagram 
at the right indicates basic overall 
operation. Wide variations in the for- 
mation of individual numerals are ac- 
commodated. The technique may be ex- 


tended to handwritten letters 


the reader significant news 


haracter as it applies to 
materials and components, and to 
design principles and techniques. No 
less important is the responsibility 
of conveying some of the thinking of 
research men and design engineers. 
3. This 
the comments and discussion con- 
In particular, 


for possible pub- 


department will welcome 


tributed by readers. 
t will welcome 


I 
] 
i 


ication) brief readers’ 


reports on 


researcn projects 


What About 
Ductile Ceramics? 


The elevated temperature capabilities 
of ceramics make these materials ob- 
viously highly desirable in many con- 
applications. But 
there is one obstacle: inherent brittle- 


temporary design 
ness. Research is therefore under way 
in a number of laboratories to develop 
ductile ceramics. Results to date are 
encouraging. 

It has been demonstrated that tra- 
ditionally brittle ceramics can be plas- 
tically deformed like metals. The Di- 
vision of Mineral Technology, Univer- 
sity of California, Berkeley, Calif., has 
been able to bend or twist several kinds 
of originally straight nonmetallic single 
crystals at room temperature. Some 12 
materials have been tested 
crystal form. All of these 
were found to show significant degrees 
of ductility. This was true even of mag- 
nesium oxide, a refractory compound 
with a melting point of 5000 F. 

The distance 
search and 


1 
cubic lon 


in single 


between present re- 
commercial _ possibilities 
however is still long. Much study is 
needed in such variables as crystal 
structure. surface effects, internal im- 
purities, physical treatments. Ductility, 
too, can be transient and may only 
exist when crystal surfaces are fresh 
In other words, an “aging” process is 
encountered. Research will be extended 
to polycrystalline materials. The pos- 


9 
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sibility of extruding. rolling and form- 
ing these materials will be investigated. 
Ultimate 


development of ductile ceramics will 


success in the practical 


provide design engineering with an 
entirely new class of materials, adapt- 
able to many purposes, including form- 
ed and fabricated structural parts and 
electrical insulation systems operating 


it superhigh temperatures. 


More on the Meaning of 
Human Engineering Research 


Here is some additional clear thinking 
on the scope and meaning of research 
in human factors as a part of equip- 
ment and systems design. We are ab- 
stracting again (see EM 12-57/10) 
from “A Chief Engineer Looks at Hu- 
man Engineering.” by Carlos C. Wood, 
chief engineer, Douglas Aircraft Com- 
pany, Long Beach Division, a paper 


Research Note 


delivered before the Fifth Annual Hu- 
man Engineering Conference, Tulsa, 
Oklahoma. 

&The type of quantitative informa- 
tion that is needed for engineering 
purposes is what one might best de- 
scribe as mathematical formulations of 


functional 


relationship between dif- 


ferent variables. The important fac- 
tor here is this functional relationship, 
on the basis of which predictions can 
be made. Very precise measurements 
of isolated points tell us little or noth- 
ing about functional relationship. 
we must have tools by means of which 
we can predict, with some degree of 
accuracy. what will happen in a situa- 
tion that we have not been able to 
observe in the past.” 

We are desperately in need of 


might call mathematical 
models for describing human behavior 


what one 


as it relates to equipment design prob- 
lems. Of course the more refined these 
are the better, but the refinement can 
follow as we go along. This is not 
different from what happens in the 
rest of the field of engineering. Much 
of the data we use are trend data. We 
often wish they were better, but even 
so they are better than none at all. 
They get you ‘in the ball park.’ In my 


opinion there is more to be gained 


at the present by attempting to put 
the data that are now available into 
the form of such meaningful functional 
relationships rather than 
new scattered points. If this were done 
we would be able to use the data at 


colle ting 


the time we need it most-——before the 


system is designed.” 


Research Via 
Ceramic Whiskers 
Research in ceramic whiskers is being 


Electric Re- 
search Laboratory which may form a 


reported from General 


basis to the ultimate development of 
ceramic bodies of improved physical 
properties. Perfect crystals in the forn 
of whiskers of aluminum oxide (melt- 
ing point 2000 C) have been grown 
in the vapor phase between 1700 and 
1900 C. The blade-shaped whiskers 
are several millimeters long, about 10 
microns wide, and less than a micron 
thick. 
and strongest oxide of which whiskers 
have been grown. Measured strength 


Aluminum oxide is the hardest 


of the whiskers was found to be close 
to the reported value, 
above 2 million psi. Highest strength 
previously reported for iron whiskers 
was 1.9 million psi 


theoretically 


Also grown in the vapor phase 


A Controllable Silicon Rectifying Device 


ability to control the yperation of 
niconductor rectifier has been the 
1uch experimentation 
neers in that field ever since s« 
tor physics was born several years ago 
f 


future that semiconductors promise 


rectilying equipmen 


hanical rectihers, 


dev ) illed tubes has been 
a constant currently the 


best means of controlled rectification for 


most purposes, have aly suffered from 


temperature limitation ind comparatively 
poor life expectancy nsequently, the 
announcement by Ger ; 
conductor Department t 
a silicon controlled re 
a real breakthroug! 
smaller, more dep 
equipment, 
e@ The choice of termin 
for the new device seems to cor 
of misplaced modifier. We 
inclined to call it a “controll 
rectifier”: however. according 
fications sheets, it will do the 
what counts. Actually, it is 
sistor nor a rectifier but a cé 
both with three rectifying 


schematic representation § that 


From the number of 


standpoint of the 
junctions involved the 


ooks like this 


controlled rectifier 


e@ Avalanche breakdown of the center 
junction is achieved by applying an appro- 


priate si 


gnal to the lead designated as the 
‘gate” which consists of an ohmic contact 
to the center “P” region. The breakdown 
occurs at speeds approaching a microsec- 
ond; and after breakdown the voltage 
across the device is very low so that the 
current through it is essentially determined 
by the load which it is feeding. This fea 
ture enables the user to control a large 
inode-to-cathede current by applying a very 
small amount of power to the gate or to 
switch powe! from a high impedance to a 
impedance in an extremely short time. 

e As the accompanying table of ratings 
GE’s silicon controlled rectifier shows, 
new devices can switch and control up 

to 200 volts at 5 amp with only 300 ma 
‘firing’ current supplied to the gate. It 
should be noted that the triggering of a 
silicon controlled rectifier is achieved by 
an application of current to the gate, 
whereas the thyratron tube is controlled 
voltage applied to its grid. Like the 


thyratron, | ve yn conductior 
started in the rectifier, it cannot be stoppe 
without the removal of the cathode volta 
In considering the ratings given in 
table, remember that it is a development 
device and that the ratings are typical of 
the device at this time. The company re 
serves the right to make any changes ir 
specifications which it feels are required 
to improve the device or to make it more 
adaptable to production. 

e@ The design engineer will have no dif 
ficulty in finding many new applications 
for the silicon controlled rectifier in addi 
tion to using it as a replacement for gas 
filled tubes and magnetic amplifiers 

e@ As a half-wave, variable d-c power 
supply, the controlled rectifier may be used 
in the sample circuit shown in Fig. 1. This 
circuit employs a control scheme that per 


Fig. 1—Half-wave variable rectifier using 
silicon controlled rectifier. 
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temperatures 
whiskers of 
have a 


1400 to 
forsterite 


1700 C, 
to 
per cent. 
break at 
strains of less than 0.1 per cent. 
0.1 
trioxide 
ioe. G 


from 
were found 
tensile strain of 1.5 


Ordinary crystals usually 
elastic 
[ypical dimensions: 3 mm x 
x 0.004 Molybdenum 
whiskers 700 to 
hibited a tensile strain of 1] 
Whiskers 20 


and 5 mm 


mm 


mm. 
grown at eX- 
per cent. 
were about 


All 


and could 


wide 
whiskers 
be 


microns 
long oxide 


were 
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Fig. 2—Application of controlled rectifier 


to typical static switching circuit. 
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available alloys fill this requirement 
at temperatures in the range of 1000 F 
to 1200 F. Research in beryllium-based 
for 1500 F 


( ondus ted. 


alloys use is being 


Beryllium offers a 3:1 advantage in 


physical strength as against steel 


on 


strength-to-weight ratio basis; it 
weighs about much as 
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nmercial beryllium is 


sm all 


various 


of elasticity. Cor 


now available 


sheet, rod. 


plate, tubing and machined 


shapes and fabricated forms, but avail- 


ability of the larger-size sheets and the 


{ ¢ 


ibricating tech- 
AMC 


0 | use 


new 


of the 


Plastics Highlight 
Research Activity 


bout a year or so ago developments 


in new plastics materials had appar- 


ently reached a but it was 


plateau; 
ust a breather in the research cycle. a 


for taking stock, 


consolidatir g 
achievements, and setting up new re- 
targets. The 1957 
highlighted by near-commercial cul- 


of research 


search veal was 


mination several areas 


plastics. Of m 


ind 
portance these materials 
l. Polyy 
the polyethylene 


} 
2 Poly il 


Lexan) i 


are 
ropylene 1 new olehn 
join family 


(General E lec tri *s 


that 


be nate 
material features dl- 
stability heat 


ind 


metals 


mensional resistance, 


nonflammability physical 


ness ipproachning 
3. Polyformaldehyde 
Delrin). a new expected 


thermoplastic 
nvion molding powder 
ion and extrusion m«¢ 


elastomers 


nical and 


ations 


diallyl 


ilations and modifi 
polyesters. and 
Ney. 
molding 


but 


trv, 


sins have been made. 


vpes ot nvlon 
4jready in use in Europe 
well known in this coun 
troduced here 
the fundamental research 
ontint the or 


nds 


lng in gano- 


with the target 


materials. Chem- 


ca t 
may lead to 


nds. At 


Maximum Allowable Ratings and Characteristics of General Electric 
ZJ39A-—Silicon Controlled Rectifiers 


ZJ39A ZJ39A ZI39A ZJ39A 2)39A Z539A 


Peak inverse voltage 

Rms voltage 

Forward current 

Recurrent peak current 

One cycle surge current 

Peak gate current 

Storage and operating temperature 
Min. forward breakover voltage (at 25 C 
Max. forward d-c voltage (5 amp at 25 C 
Max. gate current to fire (at 25 C 
Typical gate current (at 25 C) 

Typical min. holding current 

Typical reverse current (at 150 C 


Typical forward saturation current 
at 150 C) 


Typical turn-on time 


Typical turn-off time 


25 


25 
17.5 


25 


40 75 100 150 200 


40 
28 


5 amp 


75 100 150 200 
53 70 105 140 
at 125 C stud temperature 
20 amp 

150 amp 


300 ma 
—65 C to +150 C 
40 75 100 
1.25 
25 ma 


150 200 


10 ma (at+1.5 gate-to-cathode volts 


10 ma 


3 ma (at 200 volts d-c 


3 ma (at 100 volts) 


1 microsec ) 
> depending on circuit 
3 microsec j 





Research 
Horizons 


company is believed to have begun 
pilot plant 
formaldehyde resin that may be even- 


operations on a sugar- 
tually used for adhesives and molding 
compounds 

New approaches to preparation 
plastics include such techniques 
“oraft polymerization.” In analogy 


horticulture, the technique consists 


Research Note— 


joining or grafting chemically two or 


more dissimilar polymers to form a 
new polymer. Irradiation may be uti- 
lized for grafting. 


Aluminum-Tin 
Bearing Alloy 


\ reticular bearing alloy containing 
about 20 per cent of tin and remainder 
eluminum hardened with from 1 per 
cent to 3 per cent copper has been 
developed in England as a result of 
joint research by the Tin Research In- 
stitute and the Glacier Metal Com- 
pany. The tin constituent of the alloy 
has its own continuous reticular struc- 
ture within the continuous aluminum 


matrix without disturbing the con- 


tinuity of the aluminum. When a metal- 
to-metal contact between a 
shaft and a bearing, there is an im- 
mediate supply of soft, thin tin avail- 
able as a surface layer over the alumi- 
num to inhibit surface breakdown. The 
new alloy thus combines the strength 
of a continuous e2luminum. structure 
with the tin-availability of a compar- 
zvtively 


occurs 


heavy and continuous tin 


structure, 

Bearing of this alloy can be sup- 
plied with steel backing. In this form 
they are described as providing a bet- 
ter compromise between the require- 
ments for high fatigue strength and 
low rates of wear than other known 
plain bearings. 


Guiding Product Design by Research in Users’ Preferences 


RESEARCH METHODS for ascertaining users’ 

preferences can be employed to guide engi- 

neering product development and design. 

Such research is interested in two situa- 

tions 

1. What the user thinks of a machine 

or device he has been using in a cer- 
tain environment for some time. It 
is necessary for the researcher to ex- 
amine the user’s experience so as to 
visualize the design and development 
of a better product. 
If a new machine or device were built, 
would the user prefer it to the old 
when he actually comes to use it? 


e@ Based on research experience at the 
3ell Telephone Laboratories, the following 
methods can be used for investigating 
preference: 


& When the Machine or Device is Avail- 
able for Trial by the User: The user has 
had sufficient experience with the machine 
or device so that he has a stable attitude 
towards it. The collection and evaluation 
of this experience as a guide to redesigning 
a new device is commonly accomplished 
through polling, that is by questioning the 
user regarding his reaction to the device. 


e@ Polling is, of course, very widely used 
in industry. As a guide to technical desigr 
of machines, however, we have had less 
success in getting by with polls. Question- 
naires seem to provide reliable expression 
of overall preference reaction to a device, 
but they tend to be inaccurate and incom 
plete in providing detailed information as 
to just how the user uses the device and 
feels about it. This detailed information 
is essential for redesign 


@ One reasoa for inaccuracy and incom 
pletness of this information is that ques 
tionnaires rely on the user’s memory, but 
his memory is not good for details. He 
remembers much better what he has not 
liked about t'ie device than what he has 
liked. Furthermore, he often has a dis- 
torted view of the way he himself actually 
uses the device. We found, for example, 


12 


that most telephone users assume they hold 
the telephone receiver with their right 
hand, when in fact they use the left. 


e Results of this sort have led us to two 
conclusions: 


e 1. For purposes of technical design, a 
poll must evaluate all of the particular 
user's relevant experience, not just what 
he recalls at a particular time or what he 
selects as appropriate answer to your ques- 
tions. To this end we have used what might 
be called a feedback type of questionnaire. 
It is a two-stage affair. First, each indivi- 
dual user in the group is polled on his 
experience with a device by means of a 
very general open-ended questionnaire. At 
some later time, the answers from all the 
users in the group are listed together in 
a random order, and each user is asked to 
indicate which are most important to him 


@ It should be noted that the data come 
completely from the experience of the 
users themselves. A priori thoughts of the 
experimenter are not allowed to color the 
results. 

e@ 2. In general, any poll or questionnaire 
may not by itself provide enough informa- 
tion tor best redesign of the device. The 
polling information may have to be supple- 
mented by objective observation of the 
user’s behavior with the device. 


e Observation provides a very useful and 
necessary adjunct to questioning the user, 
and, for some purnoses, it has several ad- 
vantages over po'ling. It removes the 
possibility of the interviewer's questions or 
personality influencing the user; the data 
can often be obtained without the user 
knowing he is being studied; and his 
behavior therefore does not assume the 
artificiality of the human guinea-pig in the 
laboratory. 


& When the Machine or Device is Not 
{vailable for Trial. Let us consider now 
the second type of preference problem. Will 
the user prefer a new device that is being 
contemplated If he would, what form 


should the device take to bring about the 
greatest gain in preference? 


e In many cases the decision whether or 
not to proceed with research and develop 
ment on such a device is based either on 
the best guess of expert technicians and 
market researchers or on the results of a 
poll of the potential users. The mistakes 
which can be made by these two methods 
are now so well known that they do not 
need amplification here. Modern industrial 
research is based more and more on the 
belief that opinion 


actual experience is unsound. This view- 


preterence without 
point has led us in recent years to inten- 
sive research in simulation as a principal 
basis for predicting preference. 


e Simulation provides the user with actual 
experience with the device without having 
to build it first or even knowing how to 
build it. This is, of course, accomplished 
by providing him with a substitute device 
in such a way that he perceives it as 
essentially the real device. Sometimes such 
subjective equivalence is almost perfect 
Sometimes it is more approximate. Occa- 
sionally it is impossible. In the case of 
the telephone, for example, we are for- 
tunate in the opportunities for successful 
simulation: what the user perceives about 
the telephone system is restricted to the 
instrument itself, what he can see of it, 
how he hears with it, and how it feels. 
All the rest is unknown to him and is 
simply a black box as far as he is con- 
cerned. He can achieve an effect at the 
user’s end through a variety of changes in 
the black box. Thus, through simulation we 
can test many types of future telephone 
arrangements. 


Acknowledgement: These comments are 
based on a paper, “Consideration of the 
User in Telephone Research,” by this 


author, in Ergonomics, p. 77, 
1957, London. 
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Better Dielectric Quality 
Low Cost 


UNIFORM QUALITY 
FROM 100% VIRGIN 
KRAFT STOCK 


These three grades of fibre board 
are free of metallic particles. Be- 
cause of their excellent dielectric, 
physical and chemical properties, 
they are widely used to replace 
more costly insulating materials. 


PRESSITE—an absorbent, unsized 
material of great purity for use 
principally in air, oil and askarel 
transformers. 


ELECTRITE—a high grade board 
with high tensile and dielectric 
strength. Used in a large variety 
of punchings and other insulat- 
ing applications. 


DENSITE—an extremely hard and 
tough board of superior quality. 
Used by many leading manufac- 
turers of electrical equipment to 
replace more costly materials 


A 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Pulp Products Department 
230 Park Avenue 
New York 17, N. Y. 
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Pius or Minus 


Random Comments of the Editors and Readers 


Promoting the Product 
Down the Line 


The best idea on personnel relations 
that we’ve heard in a long time came 
from the head of a large research and 
development organization and was 
aimed at engineering supervisors and 
managers who wonder why they aren't 
getting top efhciency and quality out of 
their design forces. In effect. this gen- 
tleman’s theory is that too many com- 
panies spend too much time and money 
promoting and selling their products 
and developments and not enough 
selling their engineers on the import- 
ance of the contribution they are mak- 
ing. 

It’s not too difficult to get his point 
ind to imagine the engineer in the 
lab, “sweating out” a breadboard de- 
sign on one stage of an amplifier for 
a missile launching svstem. when he 
doesn’t even know what the missile 
is and what its basic principles and im- 
portance to our defense are. Of course. 
there are the problems of security: but 
there are many aspects of large con- 
tracts that are never passed down the 
line to the men who do the work be- 
cause their management feels they 
don't need to know in order to do their 
work. 

Selling the designer can easily be 
as important as selling the customer. 


J, RR 


Sic Transit Streamlining 
—and Then What? 


“How much fad is in your product? 
And how much function?” These quest- 
ions were posed in an editorial in this 
March 
1947. to be exact. “What do we mean 
by fad?” the editorial went on in a 
rhetorical question. “It’s the tinsel. the 
fake glamour. the clever instead of the 


magazine some 10 vears ago 


sound. It’s the use of a modern material 
not because it fills a justified design pur- 
pose but because it provides an adver- 
It’s the superfluous 
curved ‘streamlining’ in an appliance 


tising slogan. 


when its function cries out for straight 
lines and a utilitarian flat table-top. 

And it’s a lot of other things that 
come only too readily to mind.” 

Just to show you that even though 
the mills of good design grind slowly 
they do grind exceedingly fine, we now 
have an official press release from the 
American Society of Industrial Design- 
ers announcing the demise of stream- 


lining during 1957. Now we_ have 
square-cornered appliances, simple rec- 
tangular shapes, crisper and chaster sib 
houettes. A bas the earlier “jelly mold’ 
tvpes of appliances! 

But before we cheer the victory of 
function over fad, the shadow of some- 
thing described as “American Baroque” 
is looming darkly over the horizon to 
squelch our ebullient spirits. What's 
American Baroque? Based on diction- 
ary definitions of “Baroque” its the “‘ir- 
regularly shaped; fantastic in style: 
grotesque.” Reflected in actual design 
fads, it’s the sum-total of such contem- 
porary design excrescences as abnorm- 
ally high tailfins on automobiles, the use 
of spurious “speed symbols” on a mis- 
cellany of products to reflect the so- 
called 
cessive and inappropriate gold trim on 
appliances and other products. 


“jet age”: the vulgarity of ex- 


Well, be of good cheer, perhaps 1967 
will mark the demise of American Ba- 
roque! —A. E. J. 


Lack of Prestige for the 
Scientist Blocks Basic Research 
Progress 

J. E. GOLDMAN? 


Chairman 

ATEE Subcommittee on Magnetics and 
AIEE Conference on Magnetism and 
Magnetic Materials 


To the January editorial “Magnetism 
Who’s Doing It?”, calling 
attention to the small number of papers 


Research 


on basic research from colleges and 
universities at the recent AIEE Confer- 
ence on Magnetism, I would like to add: 

The lack of prestige accorded scien- 
tists and academicians by engineering 
and business circles, as well as the gen- 
eral anti-intellectualism one finds so 
prevalent in this country. is undoubtedly 
responsible to a marked extent for the 
comparative absence of basic contribu- 
tions from academic institutes to con- 
ferences such as ours. 

This is made striking when one con- 
siders that with far fewer active re- 
searchers in the field of magnetism, Rus- 
sia has succeeded in making important 
contributions far out of proportion to 
the actual number participating. 


*Manager, Physics Department, Scientif 


Laboratory, 
k Be hin mpany, Dearborn, Mick 


Editors’ Comment: 
We have learned that Dr. Goldman, 


editor of “The Science of Engineering 
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Thermometal (thermostatic metals) 4. Seq e Cont by Fu 

are laminations of two or more different ating, as in electric circuit breakers ahd 
metals with unequal coefficients of ex- for overload protection. 

pansion. The difference in rate of expan- 

sion causes them to change shape with 

changes in temperature and, if re- "THER MOME TAL 

strained, to build up force. 


This basic fact is of great industrial 
importance, for it makes possible the 
application of Thermometal in indicat- 
ing and controls devices in 4 broad 
Categories. 
ian According to the application, the 
Thermometal thermometers. selection of Thermometal is generally 

governed by four performance factors: 


Thermometal can be rolled to any 
desired thickness and formed into al- 
most any shape, and still respond to 
temperature changes. For this reason it 
is a unique thermal element, which 


functions without linkages, seals, spe- 


as in electric 


cial mountings, and in most applications 
irons, toasters, or room thermostats. 


without electrical energy. Thermometal he H. A. Wilson Compan the 
~- iS Mmpany iS tne 

> ip . > >¥) , 
> r ing ’ . > ~d > nent 
can be made to perform simple flexing American pioneer in the development 
motion, rapid snap action, and rotary ndmanufacture of thermostatic metals 
Wi g tions. Four basic shape ; = ' . 

or twisting motions. Four basic shapes We produce over 40 metals for this use 
are used alone or in combinations to 


Also we make a complete line of electri- 
obtain these motions: 


cal contacts for use with Thermometal 


Reprints of this series are available 
on request. For further informatior 
about our preducts, ask for the Wilco 
RI nost complete reference 

3 : rature Compensation, as in 


: itten on Thermometal. 
automotive heat manifold control. 
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PLATINUM PALLADIUM RHODIUM IRIDIUM OSMIUM RUTHENIUM GOLD SILVER Materials” (reviewed in Dec. EM. p. 316) 


an outstanding series of lectures by lead- 
ing scientists on the impact of solid state 
science on engineering materials, and whose 
remarks at the Conference on Magnetism 
led to the January editorial, practices what 
he preaches by encouraging magnetism re 
search among colleges in the Detroit area. 
even to the point of allowing graduate 
students to use his laboratory facilities. 


COMING UP New static control system 

using switching reactors will be described 

in March, the third of such systems to be 

covered in detail by ELecrrica, MaNnurac 

TURING. Other features will include an 

article dealing with thermal evaluation of 

electrical insulating materials .. . The 

author of the extremely popular 1957 article 

on Capsule Calculus has prepared a similar 

refresher approach of the use of the slide 

rule in engineering calculations, beginning 

in March .. . Agreement on international 

99.99 + % PURE standards for electric motors has finally 

been reached in both English and Metric 

mmr EE dimensions .. . Problems of electronic cir- 
cuit packaging for missile applications 

N | i \ ONTROLLED will be illustrated by a Signal Corps engi 
; neer . .. Mechanics, materials and devices 


' ' . Vit :  & 
OR TROUBLE-FREE based on ferroelectric principles will be 


dealt with on a tutorial level. 
SINTERED CONTACT 
{ PRODUCTION BOCCCCCESEEEEEESELOSESEEES 


APW high-reliability silver powders elim- 

inate the major cause of complication in 

sintered contact manufacture. For smooth, 

uninterrupted production, rely upon the SILVER-PALLADIUM ALLOYS 

high degree of uniformity that is a war- 

ranted feature of our silver powders. 
APW processes assure precise conform- 

ity to your specifications and absolute uni- PAYEE SORSEES OND 

formity through full series of production CRAEINS AASOTS 

batches. Each stage in our process is close- SILVER ANODES 

ly controlled to critical standards of uni- 

formity—each batch is !eb * 


is 


SILVER POWDERS 
(Up to 99.99% pure) 


certif& ~ 


This Month‘s Cover 


Imagine, if you will, a digital system em- 
ploying 250,000 logical elements that oc- 
cupies only 1 cu ft, where the elements 
are machine made, where much of the 
interconnecting wiring is done by ma- 
chines, and where the total power re- 
quirement is 1 watt. Such a system will 
soon be possible using CRYOTRONS, a 
significant new logical component based 
on the destruction of superconductivity 
by a magnetic field. Our cover this month 
shows one of these °4-in. components and 
typical circuitry for a binary adder. The 
feature article by John W. Bremer of GE 
sUNKAO a. presents theory of operation and suggests 


techniques for applying these new devices 
oe aie a. SS eet in logical and storage circuits. Turn to 


° 
page 16. 


Circle 151 on poge 17 





ar alae a ae ae ee ee Le ee 


e Use Inquiry Cards To Get More Information on Any Advertised Product or Service 
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ONE Reader Inquiry Service post card—king 
size for legibility—will bring you information 
regarding anything published in this issue. 
That goes for both advertising and editorial 
pages. 

To provide a quick facility for requesting 
further information on anything mentioned in 
the editorial or advertising pages, each item or 
ad has been assigned a key number. Correspond- 
ing numbers appear in the respective grouping 
of the Reader Inquiry Service post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be forwarded 
promptly—within 48 hours of receipt of card. 
To expedite, please print or type your name and 
address, also be sure to indicate the principal 
product of your plant or laboratory. 
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if received by April |, 1958 


Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 


vertised. 


New Components and Products 


Reviews of new developments 


page 160 


New Literature 


starting 


on 


Latest catalog and bulletin offerings starting on 


page 270 


Reprints of Editorial Features 
Article reprints, available without charge, are 


listed on page 292 


606 

607 

608 

609 

610 

611 

612 

613 

614 

615 

601 616 

587 602 617 
588 603 618 
589 604 619 
590 605 620 


Individual 
Title 
Company 
Street 


Principal Product Manufactured 


NEW LITERATURE 


621 636 651 666 681 
622 637 652 667 682 
623 638 653 668 683 
624 639 654 669 684 
625 640 655 670 685 
626 641 656 671 686 
627 642 657 672 687 
628 643 658 673 688 
629 644 659 674 689 
630 645 660 675 690 
631 646 661 676 691 
632 647 662 677 692 
633 648 663 678 693 
634 649 664 679 694 
635 650 665 680 695 


e Use Inquiry Cards To Get Booklets, Bulletins, Catalogs and Other Printed Matter 


REPRINTS 


701 716 731 
702 717 732 
703 718 733 
704 719 734 
705 720 735 
706 721 736 
707 722 737 
708 723 738 
708 724 739 
710 725 740 
711 726 741 
712 727 742 
713 728 743 
714 728 744 
715 730 745 





© Use Inquiry Cards to Get Detailed Information on New Components and Materials 


Electrical 


Manufacturing 


ONE Reader Inquiry Service post card—king 
size for legibility—will bring you information 
regarding anything published in this issue. 
That goes for both advertising and editorial 
pages. 

To provide a quick facility for requesting 
further information on anything mentioned in 
the editorial or advertising pages, each item or 
ad has been assigned a key number. Correspond- 
ing numbers appear in the respective grouping 
of the Reader Inquiry Service post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 
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648 663 678 693 728 743 
649 664 679 694 729 744 
650 665 680 695 730 745 


Individual 


Street 


Principal Product Manufactured 










e Use Inquiry Cards To Get Reprints of Feature Editorial Articles 















READER FIRST CLASS 
INQUIRY PERMIT NO. 45 
SERVICE NEW YORK, N. Y. 










BUSINESS REPLY CARD 


No Postage Stamp Necessary If Mailed in the United States 


POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 


NEW YORK, 20, N. Y. 

















FIRST CLASS 
PERMIT NO. 45 
NEW YORK, N. Y 


READER 
INQUIRY 






SERVICE 





baencaaball 


BUSINESS REPLY CARD 


No Postage Stamp Necessary If Mailed in the United States 





POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 


NEW YORK, 20, N. Y. 











Principal Product Manufactured 


'49 %t4U fiw uy 4447 6449 @€'7 wv 7ée 2990 CFO SS ee Ves VIC www 


2 
- 


re 
a 


i 
il 


> 
yt 


ran 


| 
| 


| 


il 


ll 


Wi 
i) 


l 
| 


there is a difference...and the difference 
is inside, where it counts. 


M 


SRUERE ARE 


| 


All Hughes diodes resemble each other— opportunity of selecting from a line which was manufactured first of all for reliability 
externally. Germanium point-contact or includes literally hundreds of diode types. °Nowhere else have glass packaging 
silicon junction, they are all glass-bodied® So, when your circuitry requires varying techniques been developed to a compa- 
and tiny (maximum dimensions: 0.265 by combinations of such characteristics as... rable extent, for the Hughes process has 


t 


0.107 inch ). But minute, meticulously con- high back resistance...quick recovery... many unique aspects. They are diffi 


+ 
trolled variations in the manufacturing high conductance...or high temperature luplicate, yet are instrumental to the 


impart individual characteristics operation, specify Hughes. You will get a ufacture of diode bodies which are 
to the diodes, make them just right for diode with mechanical and electrical sta- mpletely impervious to contamination 


specific applications. This gives you the bility built in. You will get a diode which and moist penetration. 


process 


For des¢ riptive literature please write: SEMICONDUCTOR DIVISION, HUGHES PRODUCTS 


International Airport Station, Los Angeles 45, California 


HUGHES 
Creating a new world with ELECTRONICS 


HUGHES PRODUCTS 


SEMICONDUCTORS 
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TEFLON{ 
BUSHING 


PAPER AND 
TANTALUM 
FOIL ROLL 


SILVER- 
PLATED 
METAL 
CASE 


TRegistered trademark of DuPont 


TANTALUM STUD 


PLAIN OR 
ETCHED 
FOIL 


NON-ACID 
ELECTROLYTE 


" co Oe a 


f 
f 


LIFE TESTS OF TYPICAL 50 VDC KSR UNITS 


40 -— 


After operating at 125 C for 2000 hours, capaci- 
tance of a typical KSR unit is reduced only 12%. 


Posner 
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more it in lighter, smaller cases 


With the new King Size Rectangular unit 


you can get up to 3500 microfarads 
in one G-E Tantalytic'’' capacitor 


Now General Electric offers a completely new Tantalytic 
capacitor for use in computers, missiles, radar, and air- 
borne electronic equipment—the King Size Rectangular 
Capacitor. This unit offers more joules per size, weight, 
and cost than any other tantalum capacitor available. 


On a volt-microfarad basis, the new KSR’s are 40% 
lighter, 30% smaller, and 40% less expensive than other 
125°C rectangular capacitors. Compared with 125°C 
cylindrical designs, KSR’s may be as much as 50% 
lighter, 30% smaller, and 15% lower in cost. 


Like other General Electric Tantalytic capacitors, the 
KSR units offer ‘‘bulk capacitance,’’ i.e., high volt- 
microfarads in an extremely small case. Now, one King 
Size Rectangular capacitor can often be used where 
several lower rated units were needed before. As a result 
of this bulk capacitance, costly connections are reduced 
and extra mounting brackets are eliminated. 


* Trademark of General Electric Co. 


In addition to the great size and weight advantages, 
the KSR capacitors offer these outstanding features: 


© High reliability from —55°C to +125°C. 

@ Polar or non-polar construction; plain or etched foil. 

@ Long operating life at 125°C; extra long life at 85°C. 
Excellent shock and vibration characteristics. 
Non-acid electrolyte for long shelf life. 
Dual temperature and voltage ratings. 


KSR Tantalytic capacitors are now available in three 
case sizes: 1.375 inches, 2 inches, and 2.5 inches in height. 
All three have the same base size: 1.316 inches by .75 
inch. For more information on these new capacitors or 
for assistance with your capacitor applications, contact 
your General Electric Apparatus Sales Office. Or write 
to General Electric Co., Section 449-3, Schenectady, N.Y. 


TT Registered trademark of General Electric Co. 


Progress /s Our Most Important Produet 


GENERAL @@ ELECTRIC 


TYPICAL RATING: 


1000 uf at 30 vde 
(polar, etched) 


| TYPICAL RATING: fae 


TYPICAL RATING: 
350 uf at 30 vde 
(polar, etched) 


700 uf at 30 vde 
(polar, etched) 
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“TWIST WIRES... 


~ a 


DIP IN SOLDER... 


Anaconda announces Analac an improved 


m-insulated, solderable magnet wire can 


wor Plain Enamel—except that 


iron or gun produces a perfect 


‘ 


n finer sizes—without prior re- 


lac reduces labor, saves time 


connections are 


or wher« ikes other means 


ation removal hazardous to the insulation or wire. 


Not only this, Analac has the excellent abrasion re- 
Siscance ind other 


ope rties of the 


enamel wire you'r readily, per- 


forms well in high-speed winding. 


Analac is colored a bright red with stable dye used 
many years for identical applications making it highly 
visible even in finest sizes. This helps operators feel more 
secure, results in higher quality work. Distinctive color 


simplifies its identification, too, from nonsolderable wires. 


Analac is available in an exceptionally large range of 


sizes. The Man from Anaconda will be glad to ive you 


more information and help with a production run in your 
plant. See “Anaconda” in your phone book—in most prin- 
cip il cities—or write: Anaconda Wire & Cable ¢ ompany, 
Magnet Wire He adquarters, Muskegon, Michigan. 


*Reg S$. Pat. Off 



















h 
N 


1 STRONG JOINTS—as strong as the same joints made 











in bare copper wire—are produced. Here in laboratory 
test, joint holds under high stress. 


shown in this test. It has the same high windability 


] ] 


2 EXCELLENT ABRASION RESISTANCE of Analac is 
. normally associated with Formvar, Plain Enamel. 


——_ 


a 






JOINT IS COMPLETED WITHOUT 
STRIPPING WIRE with Analac wire dipped in 


a 50-50 tin-lead solder at 360°C (680°F). The insulation is 
removed at the temperature of molten solder. 





MOLDED-PLASTIC CASES — designed and devel- 
oped by Anaconda—protect spools of Analac from dam- 
age during sl ipping Result: no breaks due to bent 
] 


Spools. 


solderable magnet wire 
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See the Man from ANACONDA WIRE & CABLE COMPANY 
i ® Magnet Wire Headquarters, 
t Muskegon, Michigan. 

' Analac ready-to-solder 1 
' 3 

i 
t 
i 
i 
i 
i 
i 
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for ready-to-solder 
Analac NEW CATALOG ON ANALAC | “OMPANY™ 


Yours for the asking. ADDRESS 


NAME & TITLE 


magnet wire ee 
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HERE'S | TRIMIT- ... A NEW TYPE OF ADJUSTMENT POTENTIOMETER 


FOR COMPUTERS, CONTROLS, COMMUNICATIONS, TEST EQUIPMENT 


Compared with the average control-type single-turn rotary 
potentiometer, TRIMIT adjustment accuracy is a 33:1 improvement. 
TRIMIT provides 9000° of rotation instead of 270°. 


Easier repeatability, too. 


TRIMIT geometry is a 6:1 to 12:1 improvement—you can mount 
12 units in a panel area of only 1 square inch. They fit flat against 


printed circuits, into tight corners, between components. 


The screwdriver-adjusted TRIMIT settings are extremely stable. 
The screw-actuated mechanism is virtually 


immune to shock or vibration. 


Laboratories, Inc. 


P.O. Box 2112 « Riverside, California 


ORIGINATOR OF TRIMPOT® AND POTENTIOMETER INSTRUMENTS 
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Nominal Performance Characteristics of Typical SPRAGUE Magnetic Shift Registers 


OPERATING FREQUENCY 
Maximum (kc) 





Recommended (ke) 
VOLTAGE SIGNAL LEVEL 
SHIFT PULSE 


Nominal Operating Current (ma) | 


Voltage Drop per Stage (v) 





Duration (usec at Y2 amplitude) | 


Rise Time (usec) _ 
Fall Time (usec) 


| 220 | 
6.0 


220 
93 





toa ba 





0.3 0.3 








Peak Pulse Power (watts) 


INPUT PULSE 
Amplitude (ma) 


0.3 





1.4 





Duration (usec) 


PARALLEL OUTPUT PULSE 
Amplitude (ma) 


Ratio (min) 


Load Impedance (ohms, min.) 


DIODE TYPE (or equivalent) 
ENGINEERING DATA SHEET 





16 


| 4.5 





a | | ee 


8:1 8:1 8:1 





lated _ ae 
2000 | 6000 | 25,000] 


ty i tz tr yt | 
9111 rel saad “ian 


T-7 
9123 





1800 | 8000 | 15,000 | 10,000 | 10,000 | 18,000 


T-5 
9125 


T-7 T-5 
9131 9133 


| | 


T-5 
9135 Be 


core-diode type magnetic shift register assemblies 


LHO% 


p 11S¢ pe ryjorn (] 


W herever you use Sprague Magnetic 
.in the 
. in counters 


Shift Register Assemblies. . 
air or on the ground.. 
for industrial controls or basic logic 
circuits for computers. . chances are 
you'll be looking for uniformity and 
reliability. That’s why Sprague uses 
truly reliable components throughout 
their construction. Why every core 
used is subjected to rigid switching 
tests before installation. And why every 
assembly is 100% pulse performance 
tested before shipment. 

Packages matched to the application 


SPRAGUE COMPONENTS: 
MAGNETIC COMPONENTS -° 


FILTERS «+ PULSE NETWORKS 
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TRANSISTORS -° 


4 } 
1iCceé rested 


assure long register life at minimum 
cost. Register assemblies for ground 
use are available in hermetically sealed 
corrosion-resistant metal cases with 
glass-to-metal solder-seal terminals for 
severe environmental conditions, or 
embedded in plastic for moderate en- 
vironments. Special minimum volume 
airborne packages are ideal for limited 
space applications. 

All standard packages are character- 
ized by terminal spacing that simplifies 
external mounting of semi-conductor 
diodes, or they can be permanently 


RESISTORS e 
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CAPACITORS -« 
* HIGH TEMPERATURE MAGNET 


packaged as integral assembly com- 
ponents in Sprague special designs. 

Single and multiple stage register 
assemblies are available with read and 
write provisions to meet most system 
requirements. Standard designs can 
easily be modified with additional 
windings to perform various logical 
operations. 

For Data Sheets on core-diode type 
magnetic shift register assemblies, 
write the Technical Literature Section, 
Sprague Electric Company, 307 Mar- 
shall St., North Adams, Massachusetts. 


the mark of reliability 


INTERFERENCE 


WIRE «© PRINTED CIRCUITS 
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PROBLEM: 

Provide a reliable memory storage 
facility for digital computers. . . 
high speed, absolute dependability, 


SOLUTION: 

Magnetic Core Memory Planes by 
General Ceramics . . . far exceeded 
the requirements, won immediate 


compact size essential. acceptance of leading computer 


manufacturers. 


Completely Assembled 
Coincident-current Magnetic 

Memory Planes for Computers, 

Switching and Automatic Control Systems 


General 
Ceramics 


FERRAMIC MAGNETIC 
MENORY PLANES 


Utilizing Ferramic Magnetic Memories resulted in important increases in 
reliability, speed and accuracy in actual operation. In addition, designers found 
space requirements sharply reduced. Lower power consumption, lighter weight, 
elimination of heat dissipating devices and greatly reduced maintenance were 
other significant improvements 


General Ceramics Magnetic Memories offer a solution to similar problems 
in automatic control systems for conveyors, elevators, telephony, production 
machines, processing equipment and signalling. For further details, write General 


Ceramics Corporation, Keasbey, New Jersey. Please address inquiries to Dept. MI é 
Completely assembled standard type 
memory frames available from stock 


Memory Frames of special design can 
be produced to your specifications 


I Ta 7 Tes 


Industrial Ceramics for Industrial Progress... Since 1906 


COoo6 
eo ° O 


» 


cp, 


“ADVAC” HIGH 
TEMPERATURE SEALS 


FERRAMIC 
FERRAMIC CORES MAGNETIC CORES PRECISION STEATITES SOLDERSEAL TERMINALS 
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WRX MIXED-FLOW BLOWER UNIT: A TORRINGTON Ist 


The Torrington RX Radiax blower introduces a new development in 
air impeller engineering. 

It is a direct drive mixed-flow unit employing an exclusive Torrington 
design concept which results in the conversion of axially-developed air 
pressure into a radial flow pattern. 

The result of this design breakthrough is a versatile unit that can be 
tailored to an extended range of customer needs by modification of the 
axial fan configuration to exact performance specifications. This elimi- 
nates dependence upon a variety of different sized units for varying 
requirements. 

The RX offers three important advantages: 

PERFORMANCE —A flat power curve makes it a non-overloading unit, 
permitting the use of a single smaller-capacity motor for varying appli- 


cations, and availability of the unit in sizes heretofore too large for 
direct drive applications. 

CONSTRUCTION —A vertical center panel divides the unit longitudi- 
nally and supports the motor at its center of gravity. Resilient motor 
and fan mountings minimize noise and vibration. Result is quiet per- 
formance, and easy assembly and service. 

ECONOMY -—tThe basic design permits size reductions of as much as 
36 per cent in the cubic dimensions of the unit, without sacrifice of per- 
formance. Thus, the RX is a thinner, more compact unit that can be 
fitted into tighter areas without choking of air intakes. 

The design and performance of the RX give it a versatility that is of 
special importance to design engineers of air moving equipment. Full 
specifications are available. 


THE TORRINGTON MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT + VAN NUYS. CALIFORNIA + OAKVILLE, ONTARIO 
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Any of the standard motors listed at right 
can be furnished from stock in strategically 
located A. O. Smith warehouses. Even 
motors requiring minor modifications can be 
shipped from the factory within 72 hours. 
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FRACTIONAL 1/3 to 1 HP — single or polyphase, rigid or 
resilient base, open drip-proof, TENV or TEFC. 


SINGLE PHASE INTEGRALS 1 to 5 HP in both old and current 
NEMA frames, open drip-proof and TEFC. 


POLYPHASE INTEGRALS 1 to 800 HP in both old and current 
NEMA frames, open drip-proof, TEFC and Explosion-proof 
types. 


VERTICAL HOLLOW SHAFTS 1 to 700 HP in weather pro- 
tected, TEFC or Explosion-proof models. P and PH bases. 
With or without non-reverse ratchets. 


VERTICAL SOLID SHAFTS 1 to 800 HP. Normal and high 
thrust. Old and current NEMA frames. Open drip-proof 
TEFC, Explosion-proof. 


FACE MOUNTED PUMP MOTORS 1 to 75 HP. C -Face, 
D-Flange and Close-Coupled types in open drip-proof, 
TEFC and Explosion-proof models. 


JET PUMP MOTORS 1/3 to 3 HP available in single-phase 
capacitor start or polyphase induction motors. Open drip- 
proof and TENV models with standard keyed or stainless 
steel threaded shafts. 
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+ Call your 


A. O. = motor man COLLECT 


ATLANTA, GEORGIA- - -© © += «© «= TRinity 5-8196 
BETTENDORF, IOWA - + «+ «= «= DAvenport 5-0771 
BIRMINGHAM, ALABAMA - - «+ «+ = Alpine 1-0113 
BUFFALO 2,N.Y. - = «© °« « *« MOhowk 6090 
CHICAGO 4, ILLINOIS-  - WAbosh 2-6212 
CLEVELAND 30, OHIO” - SUperior 1-6700 
DALLAS 6, TEXAS - - « « EMerson 8-2866 
DENVER 10, COLORADO - « «+ PEarl 3-5547 
DETROIT, MICHIGAN - <« WOodward 1-7090 
FRESNO 14, CALIF - - - AMherst 8-6268 
FORT WAYNE, INDIANA - - KEnmore 4874 
GRANTS PASS, OREGON - Electric Motor Shop 
HARRISBURG, PA. - - - Kingswood 5-9866 
HOUSTON 2, TEXAS <- - - CApitol 7-2354 
INDIANAPOLIS 44, INDIANA - WaAlnut 3-8888 
LOS ANGELES 58, CALIF. - « LUdlow 3-1781 
LOS ANGELES, CALIF. - « RAymond 3-2717 
LOUISVILLE 17, KY. - MElrose 7-3603 
MEMPHIS 6, TENN. - WHitehall 8-4057 
MILWAUKEE, WIS. - UPtown 3-3000 
MISSION, KANSAS RAndolph 2-1736 
NASHVILLE, TENN. - « - AL, 6-4906 
NEW YORK 17, N.Y. - YUkon 6-7400 
NORFOLK, VIRGINIA - - MAdison 2-6914 
OAKLAND, CALIF. - - «+ « LOckhaven 9-8994 
ORANGEBURG, SO. CAROLINA - -~ JEfferson 4-1520 
PHOENIX, ARIZONA one! - Alpine 2-5183 
PORTLAND, OREGON - - « CApitol 3-6241 
PITTSBURGH 22, PA, - « GRant 1-6946 
PITTSBURGH 28, PA. - Fleldbrook 1-2134 
QUINCY, MASS. - = MAyflower 9-8400 
RICHMOND, VIRGINIA - « Phone: 7-4591 
ROCKFORD, ILLINOIS - ¢ Phone: 7-8239 
SALT LAKE CITY, UTAH « Elgin 9-1101 
SAN ANTONIO, TEXAS - « CApitol 3-6216 
SAN DIEGO 1, CALIF. - -« BEimont 3-3981 
SEATTLE, WASHINGTON) « « Elliot 5960 
SOUTH MIAMI, FLORIDA - « MO. 5-7671 
DEWITT (SYRACUSE), N. Y, « Gibson 6-0210 
TIPP CITY, OHIO - «- -« - Phone: 6611 
WATERVLIET, N.Y.- - = ARsenal 3-4322 
WICHITA, KANSAS - - - TE. 8-3015 


Through research < . a better way 


AOSmith 


8 ES Be ae 


ELECTRIC MOTORS 
Tipp City, Ohio 
A. 0. Smith International S. A., Milwaukee 1, Wisconsin, U.S. A, 
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Custom-built or Stock, 
Simpson Offers a Complete Line 


throughout scadeaiy for their renaoaeele and 


long-lived accuracy. Write today for 
Technical Manual No. 17. 


SIMPSON ELECTRIC COMPANY 


5200 W. Kinzie St., Chicage 44, Hil. 
| Phone: EStebrook 9-1121 

vray Simp re sles ienen London, Oatiute 
OVER 50 aaa id,, . 


/ 
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EDGEWISE WIDE-VUE METER RELAY ELAPSED 
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\rorevrerty] & Eddy-Current and 
DYNAMATIC Solving Problems 


If you want to Drive, Stop, Test—Control 
Speed, Torque, or Tension — Dynamatic 
Equipment will do it Better at Lower Cost! 


Dynamatic Eddy-Current Couplings, 
Drives, Brakes, and Dynamometers— 

fulfill practically all stepless adjustable speed and testing 
equipment requirements, using standard alternating current 
as a power source. This Dynamatic torque transmitting equip- 
ment, with electronic or magnetic amplifier control, offers a 


Dyna-torQ Magnetic-Friction Clutches, Brakes, 
Clutch-Brakes, and Clutch-Couplings— 


provide the accurate trouble-free method of controlling power and motion 
in modern stop-and-go machines. Eaton Dyna-torQ units utilize a simple 
operating principle which provides instant response, shockless acceleration 
and deceleration. Superior construction means long operating life, minimum 
down-time, low maintenance cost. Outstanding advantages include rapid en- 
gagement and disengagement, self adjustment, lower operating temperature 
through effective cooling, simple accurate control. There is a wide range of 
sizes and capacities. 


Send for Illustrated Literature Describin g 
Dynamatic Edd y-Current and Dyna-torQ Equipment 


a long list of outstanding advantages: rapid response, wide 
speed range, quiet operation, low power loss, low mainte- 
nance cost, and remote control. There are types and sizes of 
Dynamatic Eddy-Current Equipment for every industrial re- 
quirement, including compact drive-package combinations 
(illustrated at the right). 
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Magnetic-Friction Equipment is 
in Every Major Industry 


EDDY-CURRENT 
DRIVES 


Dynomatic Eddy-Current Drives 
consist basically of an integral 
combination of an AC constant 
speed induction motor and an 
eddy-current coupling. Electronic 
or magnetic amplifier control 
provides accurate speed control 
for a wide range of applications. 
Available in liquid-cooled and 
air-cooled types 


Sh, 5 
EDDY-CURRENT 
DYNAMOMETERS 


Three types of Dynamatic 


Eddy-Current Dynamometers 
ore available to meet various 
testing requirements; absorp- 
tion dynamometers up to 
15,000 HP; motoring or driving 
dynamometers up to 500 HP; 
and universal dynamometers 
to 500 HP and larger. Special 
purpose dynamometers are 
also available. 
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EDDY-CURRENT 
COUPLINGS 


Dynamatic Eddy-Current Cou- 
plings transmit torque from driving 
to driven member without mechani- 
cal contact, shock, or friction. 
Controls provide infinitely adjust- 
able speed from a constant speed 
source or constant speed from a 
variable speed source with smooth, 
controlled acceleration. Liquid- 
cooled and air-cooled types. 


EDDY-CURRENT 
BRAKES 


Dynamatic Eddy-Current Brokes 
cre available in a wide range of 
torque capacities and operating 
speeds. Features include smooth, 
frictionless, shock-free operation 
with no rotating electrical com- 
ponents or contacts. Liquid-cooled 
ond air-cooled types. 


DYNA-TORQ 
CLUTCHES 


With the Dyna-tor@ Clutch close 
control of clutch torque provides 
soft, cushioned starts, minimizing 
shock. Driving motors may be 
brought to operating speed before 
coupling to the load. Soft clutching 
permits controlled acceleration. 


DYNA-TORQ 


DYNA-TORQ 
BRAKES 


Dyna-torQ Brakes provide controlled 
deceleration and positive stop with 
a touch of the control. Rapid, shock- 
less stopping of rotating machine 
parts reduces interval between 
operations, and positive holding 
keeps them motionless between 
cycles Compactness and remote 


control mount ng conserve spoce. 


DYNA-TORQ 
CLUTCH-BRAKES 


The Dyna-torQ Clutch-Brake pros 
vides closely controlled accelera- 
tion and deceleration. It is ideal for 
cpplicctions requir ng automatic 
start-stop operation, eliminating 
time loss in slow-down between 
Operations, and facilitating accu- 
rote automatic cycling. 


CLUTCH-COUPLINGS 


Compact, simple, Clutch-Coupling 
ports are installed on shaft ends 
in the same manner as the halves 
of a conventional flexible coupling. 
Designed for clutching of directly- 
aligned shafts, the Dyna-torQ 
Clutch-Coupling is easily installed 
on existing machinery or designed 
into new equipment. 
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ELECTROLYTIC CAPACITORS! 


These new dry electrolytic capacitors are The Type TR is well suited for use in com- 
especially built for applications that require 
an extremely high level of reliability over long 
periods of time. 


munication systems; in all types of electronic 
industrial controls, laboratory test instruments, 


: computer equipments, and in many other 
Sangamo Type TR capacitors are designed to mp ‘ 


operate in a temperature range from —20°C similar applications. Type TR capacitors are 


to +85°C available in ratings from 3 to 450 volts D.C. 


Sangamo Type TR 


TWIST-TAB ELECTROLYTICS 


£ 
have a life expectancy of at least 10 


years when operated within their 
ratings These high reliability dry electrolytics are 
designed with safety factors to pass high ripple currents. 


The use of high purity aluminum foil assures lower leakage 
current, and a highly effective end seal gives these capacitors 
unusually long operating life provided they are operated 
within their ratings. 


Engineering Bulletin TSC 119 gives full information. 


SANGAMO 


Electric Company 


SPRINGFIELD, ILLINOIS 


$cse-) 
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D.C. POWER SUPPLY (pictured) is part of a 5000 amp. 525-voit 
eC eM Me ee Me oe 1 ed 
other conversion equiprrent on an Aluminum Reduction Line 


WESTINGHOUSE, LEADER IN ELECTRONICS, BRINGS YOU 


WHEREVER YOU 
NEED IT! 
ELECTRO-CHEMICAL 
PROCESSING 


INDUSTRIAL POWER SUPPLIES 

GROUND AND AIRBORNE POWER SUPPLIES 
COMPUTERS 

ELECTROPLATING 

ARC WELDING 


FOR THE ANSWER TO YOUR APPLICATIONS, TURN THE PAGE 2 





AT LOWER COST! 


Now, greater power output at lower cost is obtainable for countless appli- 
cations—from smallest to heaviest industrial jobs (such as arc welding, 
electroplating, electro-chemical processing, etc. ). Westinghouse silicon and 
germanium rectifiers give more efficient rectification, making possible 
important reductions in space, weight, and cost. Ruggedly designed to 
meet a wide range of operating conditions, they are hermetically sealed 
and are characterized by their long life, no detectable aging, excellent 
reliability and mechanical stability. For full information on Westinghouse 
Semiconductors, mail coupon on the page after next. 


SILICON POWER RECT 


yrward currents [or si 


IFIERS 


om 50 milliam- 

1) amperes with maximum peak inverse voltages up t 

olts. Bridge configurations are assembled to give any de- 
fan far 


ngie cells range 


red combinations of d.c. forward current and output voltages 


PIV. (max) Peak Reverse Maximum Current Thermal Drog 
Current at unction t ase 
Max 150°C case 

50-1000 1.5 ma 5°C per watt 

50-600 5 ma 5 amps 5°C per watt 

50-600 5 ma 5°C per watt 

50-1000 1.5 ma 5°C per watt 

Medium Power 

302 50-600 20 ma 35 amps 1°C per watt 
303 50-600 10 ma S 5°C per watt 
304 50-600 10 ma 2 s 2°C per watt 
50-600 10 ma > amps 2°C per watt 


50-500 40 ma 0 amps 3°C per watt 
50-500 40 ma 0 amps C per watt 
50-500 40 ma mps 3°C per watt 
50-500 50 ma ) amps 2°C per watt 
50-500 50 ma 140 amps C per watt 





SEMICONDUCTORS 


RIDGES_ 


ng 32? 
g ow 
if 
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a 6b-i-b three-phase [full-wave bridge us 


copper plates. At an ambient temperature « 


up to TRO amperes d. vith convection cooling, or 1980 
vith forced air cooling at 1000 |.f.m. The primary 


tions are electro-plating, battery forming, are furn 


reduction, motor drive, et« 


+ 


~ 


<4 | = { 


{ al = 

ig ° e 
& ¢ 
Wel 


l three-phase full-wave bridge using 302 
" copper plates. At an ambient temperature of 30° C V 
: 199 


liver up to 61 amperes d.c. with convection cooling, or 13 


amperes d.c. with forced air cooling at 1000 |.f.m. The primary 
applications are d.c. power supplies, vibrator and magnet coil 


lies, motor control, et 





WESTINGHOUSE 
GERMANIUM TRANSISTORS 


Rf, 
~ 


The 2N59, 2N60 and 2N61 (Cl B 


Class 


are medium 
power germanium fused pnp transistors designed 


Neal aN 


for use as audio output amplif 
and quality sound systems. ’ 
gain ensures low distortion 
permits use of any tw 


type without matching 


NE A ST 


tained ot 
arity ¢ 
The 2? 
sistor 
sistori 
‘urrents assl 
iriver appli 


> above mentioned transist« 


lly sealed in JETEC. r 


> se 


E FOR DETAILED SPECIFICATIONS 


Mail Coupon Now Maximum 
; ; Collector Collector Collector Collector -to 
rn Me ST ete et he a ee ee a ae “= Supply Power Dissipation Load Power Base Cutoff 
Westinghouse Electric Corporation 


Voltage Output 25°C impedance Gain Current 
P.O. Box 868 Volts Millwatts Milliwatts Ohms Decibels 
™ Pittsburgh 30, Pennsylvania 


Junction 


Temper ature 
Micro-amps Centigrade 


é 





Please send me full information on the following Semi- 


ynductors 
> NAME 
» TITLE 


| COMPANY 


* ADDRESS 


you CAN BE SURE...1F is Westinghouse 


ctor Load Impedan 


perme BS 


ee ee 


SEMICONDUCTOR DIVISION 


YOUNGWOOD, PENNSYLVANIA 





ee 


At IBM 
Poughkeepsie, N. Y. 


Where high temperature plastic 
tubing is necessary as capacitor 

lead insulation in their electric 
IBM counts 
105 or 
105 U/L approved 


extruded tubing. In 


accounting machines 
on Turbotherm® 
Turbotrans* 


addition 


Turbotrans 105 tubing meets the 
requirements of MIL-I-631C, 


Grade c, Class Il, Category 1 


FEBRUARY 1958 


SEE HOW 
BRAND 
ELECTRICAL 
INSULATING 
TUBINGS 


At United Transformer 
New York, New York 


To assure long service life, U.T.C 
covers the leads of their high 
temperature transformers with 
Turbo 117® silicone rubber 
coated glass tubing. A Class H 
material with outstanding heat 
resistance and low temperature 
flexibility, the five available 
grades meet NEMA VS1-1957 
and the performance 
requirements of MIL-I-3190A 


"| 


_ 


At Lockheed 
Marietta, Georgia 


7 


To provide low temperature 


abrasion protection for wiring 


assemblies, Lockheed uses 
Turbozone® 40 extruded plastic 
tubing for use in the C-130 
Hercules. This tubing meets the 
requirements of MIL-|-7444A(2 
and is available in three size 
from .022” to 2.500” 


inside diometer. 


ranges 


High dielectric strength; flame, 
fungus, moisture, solvent or abra- 
sion resistance; low temperature 
flexibility; high temperature op- 
eration; chemical inertness . 

whatever your requirement in a 
coated textile or an extruded 
plastic tubing, there is a Brand 
product to meet your specifica- 
tions. Turbo tubings are manu- 
factured in all standard colors 
and a range of sizes #24 (.022’’) 
to 2%” 1.D. Produced with 
engineer - supervised techniques, 
subjected to continuous in-process 
inspection testing, Turbo tubings 
meet and exceed all applicable 
military and commercial specifi- 
cations. Samples are avail- 
able, your inquiry is invited. 


assure product performance 
for major manufacturers 


At Allis-Chalmers 
Norwood, Ohio 


For stator 


connections in their 
semi-enclosed slot motors, 


Allis-Chalmers uses Turbotuf®, 


rements of the NEMA 
1-1957 and the MIL-I-3190A 


specifications 


ae 


At American Bosch 
Springfield, Mass. 


Miniature electric windshield 


wiper motors require moisture 


t insulation, so American 

Bosch chooses Turbo® varnished 

tubing, a cotton or rayon braid 
c to 


ough, organic 


octed with a 
ornish ufactured 


v n five 
grades it meets the Class A 
requirements of MIL-I-3190A 
ASTM D-372, and NEMA 
VS1-1957 


At Avco’s Crosley Div. 
Cincinnati, Ohio 


to 


MIL-I-631C, Grade a, Class | 


Category 1 and ASTM D-922. 


THE WILLIAM BRAND 
& CO., INCORPORATED 


) 


WILLIMANTIC 1, aga CONNECTICUT 

electrical and electronic wires and cables * harnesses and 

cable assemblies * plastic and coated insulating tubings 
identification markers 


Be sure to visit the Brand Suite at the Barbizon Plaza Hotel 
during the |. R. E. Show. 


Circle 122 on page 17 











ORIMITE RITEOHM 
New Metal Film 


Write for Bulletin 155A 


A new kind of precision resistor 
with these important features: 


Full 44-watt Rating at 150°C Ambient These new 
units may be used at full rated wattage in higher 


ambients than other types of precision film resistors. 


A 


Rated at 4% watt at 125°C. y 
Excellent High-Frequency Characteristics Ohmite o 
Metal Film units can be used in high-frequency and ee 


pulse circuitry for which wire-wound precision re- 
sistors are unsuitable. 

Low Temperature Coefficient of Resistance Stand- 
ard temperature coefficient is 0 +30 ppm/°C (0 
+.003%/°C) over a wide range of -55°C to 
+190°C (25°C reference ambient) regardless of \ 
resistance value. ‘ 
Long Term Load and Shelf Stability A temperature ’ 
of +150°C is used in Ohmite load life and tem- \ 
perature cycling tests, which is considerably above \ 
MIL requirements. \ \ 

Resistance Range Two sizes provide over-all range \ 

of 100 ohms to 300K ohms. The smaller unit provides 

resistances from 100 ohms to 150K ohms; larger unit 
















covers the range from 150K to 300K ohms. RITEOHM SERIES 77 
Ohmite Metal Film Resistors constitute a major ad- 5° 
vance in precision resistor technology and represent CONFORMS TO 7 OIA. CIRCULAR SHAPE 
a radical departure in construction from wire-wound +1" +1" 3 
precision resistors. They employ no wire for the re- meemee oe etaegubipitietbiien tis aieeiael 
sistance element, yet feature excellent stability and 2 4 
noise level comparable to wire-wound units. Thus ex al 
they are ideal for high-gain electronic ‘circuits. .e 
Te A L_ 5°33 
N¢ 22 AWG ie 
AXIAL LEAD TYPE _DIM."AY 
772-1 5/8" 
772-2 13716" 
an | cut ee +1" 
: \ BIS EBs ry ye a “~~. = 
g aS * | 32 2 | 32 
: | t “ty | _ 
; _ 1 x Bt 910" 
© 20 40 60] 80100 120] 140) 0]200 - \ uN. TT 
70 25 deas wn N2 22 AWG.— 3 - 
AMBIENT TEMPERATURE IN °C 32 
; : RADIAL LEAD TYPE DIM."A" Dim."B" 
Watt rating chart for all types. At lower ambients, 771-1 5/8" .300 
units may be uprated within voltage limitations. 771-2 13/16" .500 


Construction and Principle of Operation sistance element for positive, trouble-free connec- 


The resistance element of Ohmite Metal Film Re- tions. The entire assembly is hermetically sealed in 
sistors consists of a thin film of special metal alloy a special moisture-resistant, high-temperature, plastic 
permanently bonded onto a high-quality glass sub- case with a special high-temperature Ohmite resin. 
strate. Terminal leads are securely fixed to the re- Terminal leads may be axial or radial as shown. 
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PRECISION RESISTORS 
Wire-Wound 


Write for Bulletins 145 and 154 


COMPLETELY ENCAPSULATED TYPES 
series 85 and 86: Exceed MIL-R-93A, 
Amendment 2, at 125°C ambient 


Ohmite Riteohm® Resistors have the resistance wire 
welded to the terminals by a patented Ohmite process. 
The resistance wire is fused to the terminal lug, 
giving a perfect and permanently stable electrical 
connection. This is extremely important in eliminat- 
ing noise in audio circuits or instability in other 
highly sensitive circuits. 


The encapsulating resin, which encloses all parts, is 
specially Ohmite-compounded. Its coefficient of ex- 
pansion closely matches that of the bobbin, wire, 
and terminals—preventing internal movement and 
possible damage to the resistance wire. In addition, 
terminals remain firmly sealed in the resin, prevent- 
ing the entrance of moisture into the windings. 


Series 85, axial lead type, features tolerances to 
+0.1%. Resistance to 3.0 megohms. Many stock 
sizes available. 


Series 86, radial lug terminals, features tolerances to 
+0.1%. Resistance to 2.2 megohms. Many stock 
sizes available. 


Varnish impregnated types 

Series 83, precision Riteohm® resistors, feature spe- 
cially enameled, alloy-resistance wire which is pie- 
wound on ceramic bobbins. Resistance to 2.6 meg- 
ohms; radial wire leads. Units are vacuum-impreg- 
nated with a special varnish for protection against 
humidity. 

Series 84, precision resistors, like Series 83, are vac- 
uum-impregnated with a special varnish for optimum 
protection against humidity. Resistance to 4.8 meg- 
ohms; radial terminal lugs. 


Other types of terminations also available. 


Vitreous-enameled types 


Ohmite vitreous-enameled resistors are space-wound 
in a single layer on a ceramic tube. Any of these 
resistors can be furnished to precision tolerances in 
sizes from 3 watts to 200 watts, in various terminal 
types, and in a wide range of resistance values. 


BE RIGHT WITH 


OHMITE’ ONNETE MANUFACTURING COMPANY 


3613 Howard Street, Skokie, Illinois 

QUALITY 6 Skokie, Illinois 
RHEOSTATS RESISTORS RELAYS Components 

TAP SWITCHES TANTALUM CAPACITORS 


R. F. CHOKES VARIABLE TRANSFORMERS 


FEBRUARY 1958 Circle 123 on page 17 
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SWITCHES « INDICATOR LIGHTS ¢ SPECIAL ASSEMBLIES 


ENGINEERING NEWS:9 





‘ 


FUNCTIONAL SWITCHING BLENDS 
WITH NEW DE WALT “IMPERIAL” 


The new De Walt “Imperial” Cut- 
ting Machine Tool sports a smartly- 
designed, up-front switch panel that 
gives safe, fingertip control of eleva- 
tion and motor operation. 

Completely fabricated as a 
“package” by Hetherington, the De 
Walt assembly uses three Hether- 
ington ‘““B2001” SPST switches and 
a Hetherington “H” series DPST 
switch—all mounted on an alumi- 
num panel, functionally decorated 
with colored plastic. A recessed 
“ON” button reduces accidental 
starting hazards. 


The tease-proof momentary 
contact mechanisms of these snap- 
action switches provide exception- 
ally positive ‘feel’ for all opera- 
tions .. . and with a life cycle that 
spells real switch economy in 
heavy-duty mill operations. 

The multi-purpose De Walt “Jm- 
perial” is just one of many new 
commercial products where sturdy, 
good-looking Hetherington 
switches are enhancing appearance 
and saleability while assuring long, 
happy switch performance. 





INDICATOR LIGHTS 
to MIL-L-6723 Specs 


Designed to critical aviation and mili 
tary performance requirements, these 
subminiature Hetherington Indicator 
Lights bring bright, 180-degree visi 
bility to both standard and edge-lit 
panels. Lamp circuits are fully insu 
lated from the aluminum cases for 
un-grounded operation 

Only 1-11/64” long overall, the 
Hetherington “L6600" Series (MS 
25256) can be furnished with incan 
descent AN3140 lamps for 6, 14, 18, 
or 28 volts. The slightly longer “L 
7100” Series (MS25257) takes new 
midget flange base NE-2D neo 
lamps. Over 10 lens colors are avail- 
able for each type 

Details on these, as well as other 
Hetherington Indicator Lights to im- 
portant military specifications will be 
sent on request 

Circle 124 on page 17 





LANYARD RELEASE SWITCHES simplify remote triggering D 


Modern ballistics often have electrical 
circuits that must be mechanically 
triggered from a safe, remote location 
—yet with full reliability. In the Heth- 
erington Type A8400 Lanyard Re- 
lease Attachment, the switch plunger 
is held depressed under spring tension 
by a special release pin. A long cord 
may be attached to the pin so the 


switch may be released from a dis- 
tance simply by yanking the cord. 

The release attachment freely ro- 
tates in a 360-degree arc. It may be 
used with a variety of 35-amp Heth- 
erington “HDS” Series Switches. 

Dimensions and electrical specifica- 
tions of this rather specialized, but 
typical, Hetherington attachment will 
gladly be sent on request. 


Circle 125 on page 17 
HETHERINGTON INC. DELMARDRIVE, FOLCROFT, PA. + 139 Illinois St., El Segundo, Calif. 





4A 


of 





STANDARD SWITCHES FOR SPECIALIZED REQUIREMENTS 
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five equals fifty 


This DC motor is actually ten times the motor it appears to be. 
It is the size of a 5-h.p. motor, but it’s rated 50 h.p. short-duty, 
and over 20 h.p. continuous. 


In designing this particular shunt-wound motor, high power 

in a small space was the major consideration, but not the only 
one. It also had to accelerate to 6000 r.p.m. within one second 
and withstand frequent, fast reversals without excessive over- 
heating. Physically, this small-scale giant measures just 16” long 
by 914” dia., and weighs only 115 Ibs. 


Admittedly, this is a special motor. It is also typical of ESCO’s 
unusual ability to design and build all kinds of special rotary 
equipment to meet particular needs. For over forty years ESCO 
has been pleasing its customers by finding answers that exactly 
match special requirements. Perhaps our solution to your 
particular motor problem will please you, too. 


Refer to Esco Catalog in section 4a/E1 in Sweet’s Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem — we'll be glad 
to show you how we would go about solving it for you. 


ELE Rg PECIALTY CO. 


171 South Street, Stamford, Conn. 
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Aircraft control 


WHATEVER THE o@2}. “== 
APPLICATION... 


you can improve 
your product with 


GRAMIX 


(PRODUCT OF POWDER METALLURGY) 


PRECISION 
FINISHED silat 


for industrial blower shaft 


Hardened steel drive 
sprocket for lawnmower 


PARTS 


GRAMIX precision finished parts are improving products in virtually every 
branch of industry. A pump manufacturer, for instance, may specify a gasoline 
pump rotor made of GRAMIX and gain a number of advantages. 


To begin with, the alloys are carefully blended to meet his individual require- 
ments. The GRAMIX parts are then die-pressed to exact shape, sintered under 
rigid control and finished to tolerances as close as .0005”. (This process, of 
course, costs far less than machining, forging or casting.) The manufacturer can 
expect the GRAMIX gasoline pump rotor to do a better job because a// GRAMIX 
parts are precision engineered and precision controlled from alloying to finishing. 


No matter what the application may be, GRAMIX parts fit specifications exactly. 
Parts may be impregnated with oil ... to insure a longer life and a quieter opera- 
tion: if specified, the GRAMIX parts may be coined and work hardened, even 
prepared for plating. 


The rotor is only one of thousands of applications in which GRAMIX precision 
finished parts have proved to be ideal. Just a few of them are shown here, so 


consider the components of your products . . . there may be several that could 
be improved ... with GRAMIX! Products of powder metallurgy you can rely on. 


THE UNITED STATES 


GRAPHITAR” cargon-crapaite * GRAMIX” powoeneo erat parts » MEXICAN’ crapwire prooucts + USG" prusues 
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a 


I 
MARR 2 


Iron switch control 


infiltrated iron gear 
for lawnmower 


Rp sree 
os 


+ : —— Packing gland follower used 
~ v in hydraulic system 


iron clutch segment | 


j 


i e ~ a 
Rotor for gasoline pump ey. ‘ 


Write today for factual Engineering Bulletin 
No. 21... we'll send your copy right along. 


Bronze rotor in high speed fueling unit 


GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 8, MICHIGAN 
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plus new horizontal machine 


for identical, mass produced splices of 
enamel, poly-vinyl acetal and similarly coated wire 


AMPlivar splices, with multiple ring stripping action, 
eliminate scraping, dissolving in solvents, burning, or 
other methods for removing insulation. Included among 


its many other features are: 
NO HEAT DAMAGE TO WIRE OR INSULAT 

in alternate methods of splicing. 
SMALL SIZE larger than the 

but design-engineered to lock wire 


high tensile strength splice. 


’ 
—scarcely wires themselves, 


and connector into a 


CORROSION RESISTANT 
during splicing. 


the joint is hermetically sealed 


LOWER soldering mate- 
requires less wire ... reduces time 


required to make the splice. 


INSTALLED CostTs—eliminates 


rials and equipment... 


. 1 , , 
Further information is available on 


Circle 


128 on page 17 


Tré que Ss 


a 


AMPlivar splices 
can be used on 
solid or stranded 
conductors, or 


combinations thereof. 


This cutaway of the 
shows he 


AMPlivar splice 
yr mate 
outwardly into serrations for 


strength and electrical c 


yw conducté rial extrudes 


added 
ntact. 
splice is as corrosion resistant 


wire itself. 


IDEAL FOR ASSEMBLY LINE PRODUC- 
TION... the AMP Horizontal Auto- 
machine uses AMPlivar splice con- 
nectors in strip form, for automatic 
splicing as fast as the operator can 
insert the wires. 
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@ Surface Heating Guide 


How to choose electric heaters of 


the right type and size for your design 


Here is condensed information to help 
you get the most economical electric 
heater for your surface heating design 
problem. Volume 


of Temperature Rise in F 
Material 


in 


TABLE 1—HEAT ABSORPTION IN KILOWATTS TABLE 2 
OF MATERIAL IN PROCESS CORRECTION FACTOR 


Subtract or Add 
2 as indicated to figure 
rocess 
Process 50 100 150 200 250 300 in Veble 3 
\cu. mn. 
1 .006 .012 .018 .024 .030 ; Aluminum 30% 
5 .030 .060 .090 .120 150. Dry 
25 .090 .180 .270 .360 .450 Wood or Paper 50% 
100 -360/| .720) 1.08 | 1.44 | 1.80 | 2. Wet 
500 1.80 3.60 5.40 7.20 9.00 10 Wood or Paper 


: +207, 
1000 3.60 7.20 10.8 14.4 18.0 21. Glass 40% 
Rubber 30% 


© This table is based on a ten minute working 


s cycle times the kilowatts given above equals 
cycle. If working cycle is other than 10 min- the kilowatts at the new cycle. Table 1 will 
utes use following formula to correct valves: apply for all materials except for those listed 

== 10 divided by the number of minutes in the in Table 2. Apply correction factor if needed. 


Material in 


iin Step 5. Y 
VI heat is required 
ap c vO > cubic inches ¢ r complete information on 
ee Chey en meeeeeee ee he material in process and ratings of General Electric hea 
way ; : send coupon belo\ 
} > jen) . igure neeqcaea mperat e rise in 
G E cartridge hee ro ee oe Seti. - ae TODAY. Poy 
he: atin of st al] ar ¢ h oT a a; ia L abbpPese alu o 
3 : = ; Gen 3] +c 


: 3 es ciee ; SPECIAL SAMPLES: Y« 
flat metallic surfaces, such as (Table 1 applies to all materials ie s es : 
: : : : ; tric sales engineer can advise you 
hot plates, platens and dies, strip those listed in Table 2). Values fr Rccitiennchinin Ei peci ae 
: ra oblen pecial heaters 
heaters (c) may be clamped on or spaced Table 2 should be added or subtracte: ea \ ‘ 
away. General Electric insertion heaters from values in Tabl correct it a a ae 
away eneta ec 1c 1h Vail ii avDiec i rec i PROMPT SHIPMENT: General Electr 
new Industrial Heating plant at Shelby 
TABLE 3*—PLATEN HEAT LOSSES IN KILOWATTS n : -d to give 
; 3 xcellent shipping dates on heaters f 
Final temperature in degrees F " 


Surface area of metal platens your produ needs. Just call your 


of metal platens neares eneral Electric Apparatus 
in sq. inches 200 300 tell us your require 


ca ; 168 ments eneral Electric Company, 
250 d -200 .400 


500 .400 .800 Section C723-12, General Electric Co. 
1 : 800 1.60 i Schenectady 5, New York 


Please send GEA-6146, Surface Heating 
2000 . 1.60 . . Handy Selector Guide and GEC-1005, 
3000 720 2.40 f : Catalog of G-E Heaters and Devices. 


: : NAME 
"This table based on platens being completely uninsulated. 


COMPANY 


ENERAL@Q ELECTRIC 
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What do you want in a plastic laminate? 


RICHARDSON INSUROK’ The table of electrical properties shows but a 


few of Richardson's phenolic laminates which are 


fills many needs used extensively for a wide variety of electrical 


and mechanical applications 








These laminates are furnished in) standard 


A Few Properties of INSUROK } NEMA 


grades and many special grades which 
a Dielectric Strength | ee ee = were developed for radio, television, and other 
| Flexural | perpendicular to | Insulation Moximum | 
Strength laminations | resistance operating | . . 
Lengthwise step by step megohms | tempercture | bility under heat and humidity is essential. In 
‘ | 


psi 1/16” (9% 90/104) | (continuous thin sheets INSUROK pun hes clean and sharp 


for fabricating. The heavier sections have good 


1-606 20,000 | 280 vpm 100 | 212°. 


electronic communications « omponent s where sta- 


617 | 23,000 630vpm | 3500 | ~—«-225°F.. 


machining and mechanical properties 


1-725 21,000 630 vpm =| ~—s'125,000 | ~=«212°F. The quality of INSUROK is rigidly controlled 


1-812 24.500 620 vpm 1,000, 000 | 225°F through each step of processing and is your guar 
1819 | 15,000 | 375 vpm 3,000,000 | 165°. | antee that its performance will satisfy your re- 


T-827 25,000 320 vpm | 170 | 25°F. =F quirements. 


+ {| More detailed information on electrical prop- 
1-859 4 a . ; es . 

+ 6,000 } 375 vpm + 25,000 + = | erties is available for the asking. Write for the 
1-89] | 20,500 690 vpm 30,000 212°F 


} Bi ee | ee pel : | Laminate Catalog. For copper-clads ask for Cata- 
| XT 896 14,000 | Ri 650 vpm | 1,000,000 - 212°F. loo No. 20. 


er ™ 
[ YY 


F the RICHARDSON COMPANY [RICHARDSON 


Founded 1858 LAMINATED and MOLDED 


DEPT. 32 +» 2799 LAKE STREET «+ MELROSE PARK, ILLINOIS + SALES OFFICES IN PRINCIPAL CITIES 
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Your TIONAL brush man 


TRADE MARK 


helped solve this slowdown problem! 


Motor trouble at this 44” steel mill motor performance. Incidentally, John went on to solve 
caused one costly slowdown after an- similiar brush problems on 3 of the steel mill’s 5,000 
other, says “National” Carbon Brush amp motor-generator units. 
a, Man, John Behen. Source of the produc- John Behen and his fellow “National” Carbon Brush 
aA 1. tion trouble — excessive film build-up on Men have been solving industrial brush problems for 
JOHN BEHEN = one of the mill’s edger motors. years. Their experience and training — backed by 
The mill tried several brushes to alleviate this con- “National” long term brush development — make them 
dition but with no success. They called in John Behen the logical consultants on any industrial brush problem. 
who analyzed the operation and recommended the Call your “National” Carbon Brush Man today. Or 
proper “National” brush grade. Result: a 100 ton write National Carbon Company, Division of Union 
increase in daily production thanks to trouble-free | Carbide Corporation,30 E. 42nd St., New York 17,N.Y. 


- 


UNION 
CARBIDE 


The terms “National”, ""N"’ and Shield Device, and "Union Carbide” are registered trade-marks of Union Carbide Corporation 


NATIONAL CARBON COMPANY : Division of Union Carbide Corporation> 30 East 42nd Street, New York 17,N. Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto. 
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Formvar 
Nyform 
CLASS FILMS | Sodereze” 
Enamel 
Bondeze™ 


Grip-eze* 


Daglas © -Silicone 
Class “‘H”’ film wires 


Film-Daglas * -Siticone 


combinations. 
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FILMS 


Thermaleze 
(Epoxide Polyester) 


Other Polyesters 
FABRICS 
Daglas* 


Film-Daglas 
combinations. 


Any time 
Phelps Do 


MAGNET WIRES 
THAT SUGGEST 
IMPROVED 
INSULATION 
SYSTEM 
DESIGNS ! 


Here are basic magnet 
wires with proven experi- 
ence in a wide variety of 

applications and unlimited 
potential for the future. 


magnet wire is your problem, consult 


dge for the quickest, easiest answer! 


PHELPS DODGE COPPER PRODUCTS 


INCA MANUFACT 


FORT WAYN 
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Sherwin-Williams 4 


Fy 
Mf 
clear synthetic iia se 

, zm 
thermosetting ion 


varnish V61 VC 72 ‘Z f 







Extra bonding 


MADE TO FIT strength 
APPLIANCE Extra solids deposit | 


Extra-fast baking 


MOTOR NEEDS | 


Moderate cost 








Husky —high quality—but not high priced! This speed of three hours at 280-300° F., which solves 
Sherwin-Williams Class A insulating varnish is storage and handling prebl lar 
especially formulated to fit the practical needs production operations. It is t oug prove 
of most fractional horsepower motors for appli- in use in thousands of motors built by leading 
ance and general-purpose applications manufacturers 

It has extra bonding strength, compared to Check on what this hard-working Sherwin 
other materials of its class, giving extra rigidity Williams varnish may offer 1. Ask for technical 
where most needed on starting coil end turns, data on V61 VC 72 Clear Synthetic Thermo- 
as well as for main windings. It retains extra setting Varnish. The Sherwin-Williams Co., 
solids deposits over the windings, insuring high General Industrial Division, Cleveland 1, Ohio 
dielectric protection. It has extra-fast baking In Canada: 2875 Centre St., Montreal. 


SHERWIN-WILLIAMS 


INSULATING MATERIALS 


One of the complete line of 
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NOW-CLARK-ENGINEERED adjustable speed drives 
IN A PACKAGE 
CLARK 
Ww Fo: oe, Cc “u 


(PACKAGED SPEED CONTROL) 


“PSC” permits adjusting drive speed over a wide 
range by controlling motor armature voltage and, or 
field current. Modifications may be incorporated 
to adapt “PSC” to an almost limitless variety of 
applications where controlled-speed DC drives 
are advantageous. 


For more than 20 years Clark has pioneered in the 
field of adjustable voltage DC control systems. 
Since 1934, our company has been a major supplier 
of specially engineered control for processing lines 
in the basic metals, rubber and plastics industries, 
where the advantages of adjustable voltage DC 
systems have long been recognized. 

Now Clark “PSC” (Packaged Speed Control) 
incorporating the knowledge and experience gained 
by Clark engineers over the years, is available in 


Illustration shows a modern 3-stand tandem wire 
flattening mill with the individual stand drives 
synchronized electrically by Clark “PSC”. Com- 
pared to similar machines in the same plant with 


compact, factory-assembled units in attractive 
pressure ventilated cabinets that fully protect the 
equipment and occupy a minimum of plant floor 
space. “PSC” Drives include the conversion equip- 
ment for changing AC to DC, panel mounted control 
equipment and separately mounted pilot devices, 
as well as DC drive motors. 


Clark will either supply the drive motors, recom- 
mend proper motors, or design the “PSC” for motors 
owned or supplied by the customer. 


ally 


mechanical synchronization, this 
mill is five times faster with 
more precise speed and ten- 
sion control. Thus it holds 
closer tolerances and reduces 
breakage of light material. 


Write tor your copy of 
this booklet, telling you 
the Clark “PSC” story. 


jee CLARK € CONTROLLER Gneny 


Everything Under Control 


1146 East 152nd Street ° . 


Cleveland 10, Ohio 


IN CANADA: CANADIAN saint tca, LIMITED e MAIN OFFICES AND PLANT, TORONTO 
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Now! A West Coast Office creep ebieeetitasashate 
For Immediate Service 





OTHER MOUNTING AND HEADER STYLES AVAILABLE 


BY THE NEW POWRMITE* 


Filtors new and greatly advanced micro-miniature relay. 


Filtors, the leading specialists in the development and manufacture of sub-miniature 
relays is proud to announce the addition of the new Powrmite micro-miniature relay to its 
existing line of traditionally outstanding relays. 

In every field of achievement there is always one leader. In relays with highest available 
reliability the leader is Filtors, Incorporated. All of the experience and know how gained in 
attaining its position of leadership have gone into making Filtors new Powrmite micro- 
miniature relay tru/y reliable—again the leader in a field of many. 


DIELECTRIC STRENGTH 
INSULATION RESISTANCE 
CONTACT ARRANGEMENT 
CONTACT RATING 
SHOCK . 

VIBRATION 


PICK-UP TIME 


RELEASE TIME 
NOMINAL COIL VOLTAGE 
COIL RESISTANCE 
ALTITUDE 

DUTY .... 

PICK-UP 
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MICRO-MINIATURE SPECIFICATIONS 


AMBIENT TEMPERATURE RANGE 


65°C. TO +125°C. 
1000 VOLTS. (750 VOLTS BETWEEN OPEN CONTACTS 
10,000 MEGOHMS MINIMUM AT 25°C 
2C (2 POLE DOUBLE THROW) 
2 AMPS RESISTIVE AT 28 VOLTS DC OR DRY CIRCUITS 
50 Gs 11 MILLISECONDS. 
10 — 55 CPS AT .06 AMPLITUDE. 
55 — 2000 CPS AT 20 G. 
7 MILLISECONDS MAXIMUM AT NOMINAL COIL 
VOLTAGE, 25°C. TEMPERATURE. 
7 MILLISECONDS MAXIMUM 
26.5 VOLTS DC. 
550 OHMS +10% AT 25°C. 
70,000 FEET. 
CONTINUOUS. 
RELAY SHALL PICK-UP WHEN COIL VOLTAGE IS 
18 VOLTS DC OR LESS OVER THE AMBIENT 
TEMPERATURE RANGE. 


Leading manufacturers of hermetically sealed micro and sub-miniature relays. 





Main office and plant: Port Washington, N. Y., POrt Washington 7-8220 
West coast office: 13273 Ventura Blvd., Studio City, Cal., STanley 3-2770 
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STOPPED IN HIS TRACKS... 
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Special Reports 
On Finishing Non-Ferrous Metals 


NUMBER I1—Paint Base, Corrosion- 
Resistant Finishing with Iridite 


WHAT IS IRIDITE? 


Briefly, Iridite is the tradename for a specialized line of 
chromate conversion finishes. They are generally applied 
by dip, some by brush or spray, at or near room tem- 
perature, with automatic equipment or manual finishing 
facilities. During application, a chemical reaction occurs 
that produces a thin (.00002” max.) gel-like, complex 
chromate film of a non-porous nature on the surface of 
the metal. This film is an integral part of the metal itself, 
thus cannot flake, chip or peel. No special equipment, 


exhaust systems or specially trained personnel are 


required. 


Chromate conversion coatings are well 
known and accepted throughout industry 
as an economical means of providing cor 
rosion protection, a good paint base and 
decorative finishes for non-ferrous metals 
However, continued developments have 
been so rapid and widespread that many 
manufacturers may not be completely 
aware of the breadth of application of this 
type of finish. Hence, this digest of cur 
rent information; to bring you up to date 
on the many ways in which you can ob 
tain proper surface preparation for paint 
ing and increase product durability with 
a single multi-purpose chemical pretreat 
ment. Report I on decorative, corrosion 
finishes and Report III on 


polished, corrosion-resistant 


resistant 
chemically 


finishes are available on request 


First, it is an accepted fact that metal 
surfaces should be prepared before paint 
ing to make possible an efficient paint sys 
tem. Naturally, this preparation should 
provide for good initial paint adhesion. 
Chemical treatments have proved extreme- 
ly effective in this respect, particularly 
those of a neutral or preferably acid na 
ture. Further, to be most efficient, chem 
ical treatments should provide a non-por- 
ous barrier to maintain adhesion by sealing 
the metal from the paint and moisture. 
They should also provide a self-healing 
film which prevents lateral corrosion in the 
event that bare metal is exposed through 
scratching. 


The Iridite chromate conversion coat- 
ings meet all these requirements. Iridite 
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is a chemical conversion treatment for sur 
face preparation. It provides initial paint 
bonding by molecular adhesion. It is acid 
in nature and produces a film that is gel 
Thus, 


the Iridite film effectively seals the metal 


like and non-porous in structure. 


from the paint and from moisture penetra 
tion. Because the film contains certain 
relatively soluble constituents, it will pro 
tect areas scratched through to bare metal 
and prevent lateral corrosion This is 
accomplished by a gradual leaching of 
these constituents into the damaged area 
Further, because of its gel-like, non-crys 
talline nature, the Iridite film will not 
affect the appearance or texture of the 
paint film, nor will it dust or powder te 
Because the 


film is non-porous, paint coverage is in 


mar the painted surface 


creased, thus substantial savings in paint 
costs will be realized. In addition, treated 
parts may be stored for long periods of 
time prior to painting without the risk of 
entrapped moisture 


causing blistering 


when painting. 


Iridite chromate conversion coatings 
are widely used with equal ease and suc 
cess under both baked and air-dried paint 
systems. While the actual adherence prop- 
erties of the Iridite film do not increase 
appreciably with its thickness, corrosion 
protection does. The protection of the 
Iridite film is proportionate to its thickness 
and should be taken into consideration 
when selecting the Iridite to meet your 
needs. However, it is sometimes necess- 
ary to sacrifice maximum corrosion pro- 
tection for appearance when a finished 
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part is to be only partially painted. For 
example, it may be desirable to use a thin, 
clear, bright Iridite film if the unpainted 
areas must present a chrome-like appear 
ance. A typical case is that of instrument 
housings on which the exterior is painted 
and the inside left unpainted. 


On the other hand, if all surfaces of the 
product are to be painted and maximum 
corrosion protection is required, the heav- 
ier and most protective Iridite films should 
be used. For example, all surfaces of zinc 
die cast fruit juicers are finished with a 
highly protective Iridite film prior to paint- 
ing to provide maximum resistance to the 
corrosive action of fruit juices 


Iridite finishes are now available for all 
commercial forms of the more commonly 
used non-ferrous metals, including zinc, 
cadmium, aluminum, magnesium, silver, 
copper, brass and bronze. In addition to 
providing an excellent base for paint, the 
Iridite films also have high decorative val- 
ue when used as final finishes in them- 


selves. 


These films can produce a wide variety 
of pleasing appearances including clear 
bright, iridescent yellow, bronze, olive 
drab and brown. In addition, many films 
can be modified by bleaching or by dyeing. 
Among the dye colors available are var 
ious shades of red, yellow, green, blue or 
black 


In planning or designing, you should 
consider the many other characteristics of 
Iridite finishes which may enter into the 
specific problem. In addition to their func 
tions as protective and decorative finishes, 
and as bases for organic finishes and bond 
ing compounds, Iridites have low elec 
trical resistance. Some can be soldered 
and welded. The film does not affect the 


dimensional stability of close tolerance 


parts 


Iridites are widely approved under both 
Armed Services and industrial specifica 
tions because of performance, low cost and 


savings of materials and equipment. 


You can see then, that with the many 
factors to be considered, selection of the 
Iridite best suited to your product requires 
That’s why 
Allied maintains a staff of competent 


the services of a specialist. 
Field Engineers—to help you select the 
Iridite to make your installation most 
efficient in improving the quality of your 
product. You'll find your Allied Field 
Engineer listed under ‘Plating Supplies” 
in your classified telephone book. Or, 
write direct and tell us your problem. 
Complete literature and data, as well as 
sample part processing, is available. 
Allied Research Products, Inc., 4004-06 
East Monument Street, Baltimore 5, 
Maryland. 
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Varmat is the newest addition to the famous Vartex line of 
quality tapes . . . designed especially for use where 

exceptional resistance to moisture is essential. A low power 
factor tape, Varmat also offers you high heat resistance and high 
dielectric strength. It can be slit to any width and is ideal for 
wrapping. Typical applications include coil windings and cable 
splicing. Varmat is supplied coated with black or yellow varnish 

or other moisture- and high heat-resistant coatings. 


DISTRIBUTORS 


Brooks Electrical Supply Co., Inc., Baltimore, Md. e °@ Al C 

John H. Cole Company, Oklahoma City, Okla. New Je rsey Wood Finis ing om pa ny 
Electrical Insulation Suppliers, Inc., Atlanta, Ga. 

Hanna & Ferguson, Rochester, N. Y. MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 
Hippler Sales Company, Webster Groves, Mo. 


Insulation Manufacturers Corp., WOODBRIDGE, N. J. 


ee ee Varnished Cambric Cloth and Tapes 
Peoria, Ill. Pittsburgh, Pa. Varnished ‘‘Fiberglas'’* Cloth and Tapes 
J. F. Kerrigan & Company, Hamden, Conn. Varnished Silk and Silk Substitute 
C. D. LaMoree, Berkeley, Calif. Synthetic Resinous Tapes and Extruded Tubing 
Los Angeles, Calif. Cable Wrapping Tapes 
W. R. Punt Company, Floral Park, N. Y. Polyethylene, Sheets, Tapes and Extruded Tubing 
C. E. Riggs, Inc., Portland, Ore. “VARSIL" Silicone Varnished “Fiberglas’’t 
Seattle, Wash. Cloth and Tapes 
White Supply Company, St. Louis, Mo. 


Export Agent: Lionel-Essex International Corp., New York, N.Y 


“VARSLOT” Combination Slot Insulation: —— 
Rog Paper and Vartex Varnished Cambric 
Fish Paper and Vartex Varnished Cambric 
Rag Paper and ‘‘Mylar’’* Polyester Film 
Asbestos Paper and “Mylar’’* Polyester Film 
Kraft Paper and ‘Mylar'’* Polyester Film 
Vartex Varnished “Fiberglas”* and 
“Mylar’’* Polyester Film 

Special combinations available upon request 


*Mylar, Du Pont’s registered trademark tFiberglas, Owens-Corning Fiberglas registered trademark 


FEBRUARY 1958 Circle 137 on page 17 





PS oS 


BLEGIANIVAL MANUFAULURING 


Robbins & Myers 
helps 


Highly efficient 
dual-sweep ventilation 
Tandem fans, one pushing and one 
pulling, cool motor from end to end 
air-wash field coil ends 
hot spots greatly prolong 
life! 


elim- 
inate 
motor 


Fully sealed 


prelubricated bearings 
in double-width races... hove 
extra-large lubricant reservoirs 
seldom need re-lubrication... are 
quickly, easily inspected by remov- 
ing cover plotes! 


Run 


Life-prolonging 

*Mylar insulation 
Has excellent dielectric qualities . .. 
resists tearing and aging... assures 
virtually permanent protection. Rag 
poper backing cushions against 
abrasions and punctures! 


% DuPont registered trademark 
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MOTOR STAMINA 


a 


_.. machines 


* 


saw their way to success! 


The DoALL Company equips its versatile Power 
Saws and Contour-matic Band Machines with 
sturdy, dependable R&M motors. These motors are 
precision-built, with ample reserve power that 
helps DoALL achieve record-breaking cutting rates 
while working at greater feed and speed pressures 

In thousands of DoALL-equipped plants, R&M 
motor stamina has proven itself. R&M motors take 
toughest DoALL jobs in stride—powering their 
new Demon high-speed steel cutting tool in the 
machining of harder-to-cut tough new alloys. Do- 
ALL versatility depends on reliable power to saw, 
file, grind or polish all materials. The same strong 
R&M motor also drives the machine's hydraulic 
and air pumps, providing smooth power for auto- 
matic stock feeding, work table positioning, etc 

If your product requires heavy duty motors de- 
signed for faster, more versatile production, plus 


top dependability, Robbins & Myers can help you 
DoALL Contour-matic Band Machine 


Contact your R&M representative or 
write today for Bulletin 520-EM 


ROBBING & MYERS. ne. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 


PN 


(as Ss AB 
Cy ¥ B wa A) 


omousTeun ® 


MOTORS FANS HOISTS MOYNO PUMPS PROPELLAIR FANS 


R&M builds motors from 1/200 to 200 horsepower 
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Pe “a aod 
LEFT: Sheet stock; shear strips and punch. TOP: 


Sheet stock; shear strips, punch blank, gang-saw 
notches. BOTTOM: Sheet stock; shear strips, punch 


blank, mill notches. 


LEFT: Sheet stock; sand, smooth-saw to size, smooth- 
saw bevel, smooth-saw corner cut-out, drill. CENTER: 
Sheet stock; band-saw, turn OD, bore ID, smooth-saw 
side, drill five blind holes with jig. RIGHT: Sheet 
stock; sand, rough-bore ID. hob teeth, 
finish-bore ID, machine keyway 


band-saw, 


C-D-F fabricates and forms DIAMOND 


FAST... AT LOW COST ...DEPENDABLY 


Vulcanized Fibre is a wonderful ma- 
terial if you know where to use it and 
how to buy it. We suggest on many 
jobs that it’s best to do the fabrication 
and forming in C-D-F’s shops. Why? 
Because C-D-F knows how. Since 1895 
the company has put fibre to work in 
everything from buggy axle bushings 
to metal clad radio parts. The handling 
of thousands of set-ups for high speed, 
low cost production runs gives C-D-F 
an “experience bank” to draw from. 
Shop supervisors have a wealth of 
short cuts, little tricks that result in 
lower prices for you. They know the 
material and its peculiarities. 


TOUGH, RESILIENT, STRONG 
How long has it been since you ex- 
amined the unique properties and wide 
range of C-D-F fibre grades? Vulcan- 
ized Fibre is arc resistant, mechanic- 
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TOP LEFT: Sheet stock; shear strips, punch, form. 
CENTER: Sheet stock; shear to size, drill, form. BOT- 
TOM RIGHT: Sheet stock; shear strips, punch pieces, 


form twice in mold, rubber-siamp twice. 


én 


LEFT: Sheet stock; sand, smooth-saw, drill, smooth-saw 
to shape, radius three corners, gang-saw notches. 
RIGHT: Sheet stock; band-saw rough blanks; form; 
smooth-saw width, length, and shape; radius edges; 


drill with jig; countersink 


ally strong, non-corroding, half the 
weight of aluminum. Repeated moisten- 
ing and drying in forming insignifi- 
cantly alters the nature, structure or 
quality of the fibre. 

Since C-D-F has their own paper 
mill, uniform, quality control is made 
possible. Special grades are more easily 
developed. A good example is C-D-F 
Abrasive Fibre, a medium density fibre 
with excellent resin and grit adhesion, 
now widely used for abrasive discs. 


A BIG, RELIABLE SOURCE 
C-D-F does business with the largest 


Sica te 0 on 


LOWER LEFT: Hexagonal rod; smooth-saw, automatic 
serew machine, turn shoulder thread, chamfer, and 
cut off. The other samples are automatic-screw-machine 
parts made from Diamond Fibre by C-D-F. 


LOWER LEFT: Tube stock; automatic screw machine, 
turn shoulders, chamfer and thread end, thread other 
end. UPPER LEFT: Tube smooth- 
saw, tap, screw-machine larger piece; screw-machine, 
thread, knurl, chamfer, cut off small piece. UPPER 
RIGHT: Tube; «mooth-saw to length, punch twice, 
countersink. LOWER RIGHT: Tube; screw-machine, 


chamfer, cut off, punch. 


two diameters) ; 


VULCANIZED FIBRE 


tonnage users of sheet, rod and tube 
fibre in the world. This means good 
deliveries, good prices, reliable prod- 
ucts for every new customer. You deal 
with a materials engineer, a C-D-F 
man who knows how to give you the 
most value in Diamond Vulcanized 
Fibre. If you want to improve design, 
simplify purchasing, speed production, 
use Diamond Fibre and the facilities 
of C-D-F. Write for catalog, free test 
samples, or send us your print for 
quotation. 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE -A¥ah/- COMPANY © NEWARK 13, DELAWARE 
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SPECIFICATIONS: 


Ambient Temperature. . .. 


Shock 
Vibration 


Dielectric Strength. 


Insulation Resistance... 
Coils 


Nominal Operating Power 
Pickup Time 

Dropout Time 

Contact Arrangement. 
Contact Rating 


Contact Resistance. 
Contact Life 


Enclosure 


Mounting 
Terminals 


Weight 
Military Specifications 


.—65° C to +125° C. 


50 Gs for 11 milliseconds. 


5-75 cps at maximum excursion of %-inch, 
75-2000 cps at 20 Gs acceleration. 


Sea level—1000 volts rms between terminals 
and frame, and between adjacent circuits; 
750 volts rms between contacts of a set. At 
80,000 ft., 350 volts rms. 


1000 megohms minimum at 125° C. 


Coils up to 10,000 ohms available for a wide 
range of voltages or currents. 


250 milliwatts. 
3.5 milliseconds nominal. 
1.5 milliseconds nominal. 


..2 pdt (2 form C). 


3 amps resistive at 28 volts d-c or 115 volts 
a-c; also for low-level applications. 


0.050 ohm maximum. 

500,000 operations minimum at 2 amps; 
100,000 operations minimum at 3 amps. 
Hermetically sealed, filled with dry nitrogen 
at 1 atmosphere pressure. 

All popular mounting arrangements available. 
Printed circuit; solder; plug-in (matching 
socket available). Variations of printed-circuit 
terminal length on 1/10-inch grid spacing 
available. 

17 grams. 

MIL-R-25018; MIL-R-5757C, except as to con- 
tact overload. 


iH 


meeyeekeecer 
a el 
postage 
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except in thickness, of course 


This new hermetically sealed relay—no bigger than 
a postage stamp—is Clare’s response to the insistent 
demand of the military and of industry for a smaller 
and lighter relay stalwart enough to withstand ex- 
tremes of temperature, heavy shock, and severe vi- 
bration, yet fast and more than moderately sensitive. 


Without any assertions of superior design, materials 
or workmanship, the factual specifications at the left 
tell how closely this relay is geared to the needs of 
today’s advanced circuit designers. Important to 
many engineers will be the fact that the contacts— 
rated at 3 amperes—are proven also for low-energy- 
level circuit applications. Designers of printed-circuit 
layouts will note that the terminal arrangement is 
nicely suited to 1/10-inch grid spacing. 


CLARE RELAYS 


FIRST in the industrial field 
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Today more than yesterday...tomorrow more than today 





A dependable source of stable voltage 


Today more than yesterday—and 
tomorrow more than today—circuit 
reliability and simplification is a 





AR Mae PRE 


STANDARD-TYPE DESIGN for the 250 
1000 va ratings range of Sola Constant Volt 
age Transformers shows compactness and 
simplicity of this static-magnetic regulator 


vital responsibility of the electronic 
and electrical design engineer. 
Where the problem is voltage con- 
trol, utmost simplicity and reliability 
is provided by the Sola Constant 
Voltage Transformer. 


Along with its simplicity, the 
static-magnetic Sola regulator offers 
many important advantages over 
other voltage stabilizers, some of 
which depend upon saturation of 
core materials for their regulating 
action; or other types employing 
tubes. The performance characteris- 
tics of Sola Constant Voltage Trans- 
formers have led to their widespread 
use in applications for which other 
types of regulators are unsatisfac- 
tory. Included are: 


1. Completely automatic, continu- 
ous regulation of output within 
+1), with primary voltage vari- 
ations as great as +15% 


O- 


| 


2. Response time of 1.5 cycles or 

less. 

3. No moving or expendable parts 
or manual adjustments. 

4. Self-protecting against short 
circuits or heavy overloads on 
output or load circuit. 

5. Current-limiting characteristic 
protects load equipment from 
excessive fault currents. 

6. Availability of transformation 
ratio for step-up, step down, 
plate and/or filament supply 
permits substitution in place of 
conventional non -regulating 
transjormers. 

Provides isolation between input 

and output circuits, often elim- 

inating the need for “‘static 
shields.” 


8. Relatively compact compared to 


other equipment for comparable 
ac voltage regulation. 


The basic-design Sola regulator 
referred to as the Standard-Type 
Constant Voltage Transformer is 


available from stock in capacities 


from 15 va to 10 kva in a variety of 
ratings. Many of these standard 
models can also be supplied for 25 





SPECIAL DESIGN above exemplifies 
adaptability of the basic Sola Constant 
Voltage Principle to special electrical or 
mechanical needs. This unit. rated at 9 kva 
— either single, or three-phase — delivers 

1°% voltage regulation with negligible 
harmonic distortion 


SOLA 


and 50 cycle service, or with other 
input and output voltages, on a 
“‘build-to-order” basis. 


Special adaptations of the basic 
design have resulted in six addition- 
al types of Sola regulators that meet 
a variety of voltage stabilization 
problems. Included are types that 
provide low harmonics in the out- 
put wave, regulation of electronic 
plate and filament voltage supplies, 
and lower-cost regulation for house- 
hold appliance service. 





Ld 


LATEST ADDITION are these filament- 
voltage regulators in capacities up to 25a at 
6.3v. Capacitor, at right, is wired separately 
from transformer for most compact mount 
ing of the assembly as component in manu 
facturers’ product 


Your letterhead request for “The 
Sola Constant Voltage Transformer 

Theory of Design and Operation” 
will bring answers to your technical 
questions about the operation of the 
Sola regulator. This monograph in- 
cludes a discussion of special adap- 
tations of the basic-design voltage 
regulator. Specific information about 
transformer availabilities for your 
particular “component” or “end 
use” applications may be obtained 
promptly from your nearest district 
sales engineer. He’s listed below. 


Consiant Voltage 


TRANSFORMERS 


CONSTANT VOLTAGE TRANSFORMERS © LIGHTING TRANSFORMERS © CONSTANT VOLTAGE DC POWER SUPPLIES 


SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 


2-1414 


© BRANCH OFFICES: Boston, Mass.; Cleveland, Ohio; Kansas City, 


Mo.; Los Angeles, Calif.; New York, N. Y.; Philadelphia, Pa.; San Francisco, Calif.; Wallingford, Conn. @ Representatives in Other Principal Cities 
Sola Electric (Canada) Ltd., Toronto 17, Ontario: 102 Laird Drive, Mayfair 4554 
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the Beryllium Copper ROLLPIN’ 


Strong... 


highly resistant to corrosion... 


Now vou 
costs 1! 
of berylliun 
alloy 
sistance good electrical properties and 
other These slotted 
tubular copper spring-pins can be used in assemblies that 


| 


I ti | 


bly 


Cal »cut I 


ler 
opper. 
s, opens the d 


lipir issem ind maintenance 


awh ew group of applications. A new line made 


of the strongest of 
ir to a wide 


attack, 


characteristics are required. 


one 


the copper base 


on variety of uses where re- 
to corrosive 


unusual 


range from plumbing fixtures to electrical instruments, par- 
ticularly in conjunction with other copper base alloy com- 
ponents. 


ELASTIC STOP NUT 


AZ 
Gi 
S| 


y 
oO“ 


ye 


AOLLP ly -.. 4 


TRADEMARK 


— 


a clevis 
pin 


FR 


a set screw 
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nonmagnetic . . . extremely conductive 


t 


s ability to 
at 


Rollpin has already established replace taper 


pins, straight pins and set screws; to serve as a rivet, dowel, 


+ 
to 


hinge pin, cotter pin or stop pin... eliminating special ma- 


‘ 


chining, tapping and the need for hole reaming or precision 


Driven into a hole drilled to normal production 


locks securely 


and 


tolerances. 
standards, 
drifted out 

Rolipin is available in beryllium copper from .06 


in place. vet can be 
I 


readily 
reused whenever necessary. 

2”’- di- 
)”’- diameter, and in steel and stainless steel up 


’. diameter 


ameter to 
to .500’ 


CORPORATION OF AMERICA 


E 


Please send me the following free fastening information: 


_] Data on beryllium 


Here is a drawing of our product. 
copper Rollpin 


What self-locking fastener would yeu 
suggest? 


Name Title 
Firm 


Street 


City 


page !7 
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Easy to use « Square D oil-tight pushbutton 
operators require only a single mounting hole. 
Contact block terminals have pressure wire 
connectors for simplified wiring. 


Longer lasting « Operators have all-metal con- 
struction, with anodized aluminum buttons for 
greater mechanical life. Melamine contact 
blocks with double-break silver contacts assure 
longer electrical life. 

Wide flexibility « Any operator can be used 
with any contact block to meet all your re- 
quirements. Pushbuttons, selector switches, and 
pilot lights mount interchangeably. 
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PUSH-to-TEST 
PILOT LIGHT 


ELECTRICAL 





e Completely oil-tight, 
even when depressed 

e Pressure connections 
eliminate internal wires 


e Positive contact ‘feel’ 
in test position 


No additional panel space 
required 


Choice of 6 color caps 
Full range of voltage ratings 


e Mounts interchangeably 
with oil-tight pushbuttons 
and selector switches 


Here’s Why Square D Pushbuttons are preferred 
—by those who build machines—and by those who buy them 


Small size « Square D oil-tight pushbuttons re- 
quire only a minimum of panel and back-of- 
panel space—and they can be mounted in any 
position. 

Variety of contacts « Contact block arrange- 
ments include single-pole double-circuit, du- 
plex double-circuit, tandem duplex, three- 
position duplex, and overlapping contacts. 


FOR COMPLETE INFORMATION 
on oil-tight pushbuttons, ask for Bulletin9001-T 
—Square D Company, 4041 North Richards 
Street, Milwaukee 12, Wisconsin 


ECaM HEAVY INDUSTRY ELECTRICAL EQUIPMENT...NOW A PART OF THE SQUARE D LINE 


a 





COMPANY 


a 
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LATEST ADDITION to SQUARE D 
LINE of Oil-Tight Pushbuttons 


OIL-TIGHT OPERATORS 





Coin-Operated 


Standard Button 
Selector Switch Selector Switch 


Mushroom Button 


- 









/ 
Key-Operated Selector 
Selector 2 Pushbutton Stop Button ; 
Switch Lockout tained 
Start Button Contact 
~ : Lockout 
Sp fin i: J Attachment 
=) | 4-Position 
* e Joystick ee 
: ” Operator 
——_< 
on _ if es =e ~ 
Selector 
Switch and 
Pushbutton Neoprene Cap 


Lockout 


EWE ven 12 Sheet Steel Enclosures Available for 6 to 25 Units 
Cast Enclosures Available for 1 to 16 Units 
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which 
connector saved 
a customer 
$50,000.00 
in one year? 





The connector designed and made “the Ilsco way”! And 
it’s a fact. One of our customers actually saved $50,000 
in one year through IIsco’s exclusive seamless tube con- 
struction method on this particular lug. This tremendous 
saving was realized the IIlsco 
stronger, lighter . . . requires less material and therefore 
is lower in price. 


because lug is smaller, 


All Ilsco connectors are made of 100% pure electro- 
lytic seamless copper guaranteeing maximum conductiv- 


CONNECTORS e¢ FABRICATED TUBES ¢ NEUTRAL BARS 


SOLDERING LUGS °e 
SHADING COILS e« 


STAMPINGS © TERMINAL BLOCKS 
WIRE-REINFORCED FUSE CLIPS 
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ity and low heat rise. 


Each is compact, light weight and 
All are U/L and 


Copper is cold worked to retain its natural 


will withstand hard usage and abuse. 
CSA tested. 
qualities 

Our engineering staff is ready and willing to work 
with you on your specific replacement or development 
problems 

For your free copy of Catalog #50 and samples, 
write Dept. F-2. 


AAS 


co eR POR A TSC 


4730 Madison Road *« Cincinnati 27, Ohio U.S.A 


Ilsco of Canada, Ltd., 25 Carson St., Toronto, Ontario 


FACTUF 


MANUFACTURIN( 
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New permanent magnet motor 
series by Cramer includes ‘‘double- 
strength’’ and military versions 


High torque output, truly synchro- 
nous operation, instant starting and 
stopping, are inherent features of 
permanent magnet timing motor de- 
sign. These advantages have been 
optimized in the new Cramer Type 
117, resulting in a motor line with 
maximum application flexibility. 


Five basic versions 

Series 117 comes in five basic forms 
(1) Form P, the standard, highest 
quality 30 in-oz (at 1 rpm) instru- 
ment motor, (2) a militarized version 
of Form P, (3) Form H, a “‘double 
strength” version, (4) Form M, for 
economy in high volume use, and 
(5) Form N, a compact, cylindrical 
gear-train model. 

All have these features: instant 
starting, absolutely synchronous 
operation, and permanent magnet 
braking. Coil voltages up to 250V ac, 
50 and 60 cycles. Input less than 2.5 
watts at rated voltage. Temperature 
rise only 35°C. Ambient temp- 
erature range —20°F to +130°F. 
Gears all hobbed, with drawn pinion 
rod. Underwriters’ Laboratories ap- 
proved. 





NEW CRAMER TYPE 117 MOTOR. 
The Type 117 motor, in its several 
forms, replaces Cramer Types 111, 
112, 113, 114 with greatly improved 
performance. 


Standard for quality 


The standard version of the Type 
117 motor, Form P, is rated 30 in-oz 
torque at 1 rpm. It’s ideal for instru- 
ments and industrial control devices 
requiring field-proved dependability, 
timing accuracy and longest service 
life. Oilite rotor bearings, bronze 
upper and lower output bearings, 
and a ball thrust bearing backing up 
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the output shaft give exceptional 
life and performance. A soldered gear 
cup cover keeps dirt out and lubri- 
cant in. Over 100 available speeds 
from 1 rev. 
per day. 


per second to % rev. 





IMPROVED BEARINGS help double 
life expectancy of Type 117 motors. 
Forms P, H feature ball thrust (A) in 
lower output bearing. All forms boast 
hobbed gears throughout (B), and 
Oilite rotor bearings with permanent 
supply reservoir (C). 


Double-strength version, too 
Type 117 is offered also in a “‘double- 
strength’’ model, (Form H) rated 60 
in-oz at 1 rpm. Applications are in 
heavy chart recording devices, high 
speed counters and the like, requir- 
ing high torque at fast speeds —as, 
for example, in the Cramer Type 
640E running time meter which reads 


eee 


New timing motor rated 60 in-oz torque... 


in 1/10 seconds. Readily available in 
speeds 60 rpm to 2 rpm. Like the 
Form P, external finishes are tin and 
cadmium plate, protected by clear 
iridite. 


A form for economy 

Economy for volume applications is 
dominant in the Type 117, Form M 
motor. It has the same torque and 
wide variety of speeds as the stand- 
ard industrial version, Form P, 
above. A few differences: Ball thrust 
bearing is not used. Gear cover is 
crimped (instead of soldered) and 
external finishes are natural brass 
and black oxide. Advertising dis- 
plays, appliance timers, vending ma- 
chines are typical applications. 


This one saves space 


and money 
A space-saving cylindrical gear train 
same diameter as the basic motor - 
is the big feature of Form N, Type 
117. Basic motor is the same as the 
economical Form M above. Ideal 
for limited space applications, Form 
N is offered in speeds from 60 rpm 
to 1/12 rpm. 


MilSpec model 

The militarized version, identified as 
“Form P, Military,” is practically 
identical with the standard version 
except for the coil which (here) is 
vacuum impregnated and supplied 
with high-temperature rated insula- 
tion on the leads. Ambient operating 
temperature range —55°C to + 85°C. 


SHAFT INFORMATION, DIMENSIONS A.8.C.D, ON REQUEST. 





DIMENSIONS: Type 117 motor, Forms P, M and H (left). Form N (right). 


Write for complete data on the new Cramer Type 117 motors today. Or 
better yet, ask your nearest Cramer representative to tell you about them. 


Cramer Controls Corporation, Box 8, Centerbrook, Connecticut. - 


TALK iT OVER WITH 


30 


CRAMER CONTROLS 


CORPORATION 
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MAKE IT OF ALCOA ALUMINUM BECAUSE... 


ALiOART inl 


EME II ROOTES 


This extruded integral 


: Switchgear enclosures fa 
nel bus takes advantage ilul i ig 5 

; cater 
num’s characteristic nigt 


trength in alloys to 


Antenna components 


Aluminum the effective double-dut\ 


( t bgnt weignt ind good 
resist igt ‘ 
ne struct f > oH ) ts 
short cu ll \ eT al tructural trame _ ort t 
t r good appe vice strong g ‘ight uminur 

Extrusions can be made ina\ sty : I trong, lightwe gh ilu num an 

; 5 ; ty, even after many ye tenna members which are subjected 
O shapes exat Y to spec icatlor 


to severe ice and wind loading 


) 
stresses induced by 


" 
ince that aluminum offers. N 
t 


THESE PRODUCTS 
TAKE ADVANTAGE OF 
ALUMINUM’S 
STRENGTH IN ALLOYS: 
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Strength in Alloys—Special alloys, for a wide range 
of mechanical and electrical requirements, permit the 
use of aluminum without compromise. No overgenerous 
proportions need be designed to meet strength re- 
quirements. 

Longer Life—Strong, corrosion-resistant aluminum 
has helped increase the life expectancy of many elec- 
trical products. Alcoa® Aluminum’s structural depend- 
ability offers long life for motor housings, equipment 
cabinets, gears, antennas, structural components of 
radar and many other applications. 


In addition to its strength, aluminum is also the 
most versatile of all metals. Cast, forged, rolled, ex- 
truded or drawn—aluminum offers its basic advantages 
of low cost, good conductivity, light weight and cor- 
rosion resistance. Throughout the entire electrical 
industry, from conductors to structural applications, 
Alcoa Aluminum will be found hard at work. 


Alcoa wants to help you take advantage of alumi- 
num’s strength and versatility in the products you 
design and build. There’s a sales engineer near you 
who can offer competent advice and information on 
Alcoa’s full range of special alloys and tempers. Look 
in the Yellow Pages of your telephone book under 
‘Aluminum,’ or write to Aluminum Company of 
America, 2315—B Alcoa Building, Pittsburgh 19, Pa 


Your Guide to the Best 


in Aluminum Value 


ALCOA OC DAs 


To t 








(Ay 


‘ALCOA THEATRE 








Cable trough, made from high Extruded aluminum rotor wedges Explosion-proof motor housings 
strength, lightweight Alcoa Alumi have replaced wedges that formerly sturdy, corrosion-resistant Alco 
num, guides and supports bundles had to be individually machined ninum Castings have made 
of power and distribution cable Aluminum meets every require possible considerable savings in 


Fewer required supports are the ment for this application and offers weight and manufacturing costs 
natural result of aluminum’s high a large cost advantage. 


strength 


. 

eteseletete 
wre teeta es 
Set etal stats 
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If it’s experience you’re after... 


Some folks with experience and that cer- 
tain touch can do the impossible. We aren't 


making 


minum 


But we” 





any wild claims about the alu- 
and zine alloy castings we produce. 


ve been satisfying our customers— 


In Canada - 


call a Hoover Man 


many of them for 35 years. We make 
quality castings. Make ’em for lots of dif- 
ferent companies. Why not call us? We'll 
have one of our experienced Sales Engi- 


neers give you the whole Lloover story. 


Se © 
He THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 A 
Hamilton, Ontario a 


DIE CASTING » HOOV 
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—___the contacts are visible! 





SAF YUE 


WORLD’S FIRST 
BREAKER WITH 


CONTACTS 


In AB-I Breakers 


In combination Life-Linestarters 


Safe, Sure, Protection 


They’re calling it ‘“‘the biggest thing in circuit 
protection since Westinghouse developed the 
breaker!’’ You can see the contacts are open, 
or closed, through the heat-resistant thermo- 
plastic window. Yet the breaker is still dead- 
front, with no exposed live parts. 

What’s more, the transparent window won't 
cloud during repeated full-load switching or 
interrupting—won’t cloud even on normal over- 
load interruptions. 

In case of a high-value short circuit, the 
Saf-T-Vue breaker window clouds immediately 
—giving you visual warning of serious trouble 
on the line. In this rare instance, the trans- 
parent window can be easily and inexpensively 
replaced. 


SAF WUE in Westinghouse 
AB-I Breakers 


Good news for steel mills, automotive plants, 
all industry—Saf-T-Vue is available in West- 
inghouse AB-I breakers in sizes F through LM. 
And you can get them in enclosures for every 
conceivable application. 


SAF WUE in Westinghouse 
combination Life-Linestarters 


In combination Life-Linestarters*, too! Saf-T- 
Vue Breakers add one more “plus” to a long 
line of Westinghouse exclusive features: all 
front-removable parts; positive De-ion® arc 
quencher; bimetallic disc overload relay; knife- 
edge fulcrum that prevents armature sticking 
or binding; and many, many more— 

For complete information on this exciting 
new Westinghouse development, contact your 
nearby Westinghouse sales office or distributor, 
or write Westinghouse Electric Corporation, 
Standard Control Division, Beaver, Penna. 

* Trade-Mark J1-30289 


you caw Be SURE...1¢ iTS Fit, 
acc ee We 
Westinghouse Swi 





Westinghouse Electric Corp. 
STANDARD CONTROL DIVISION 
Beaver, Penna. 








FIXED TEMPERATURE 


CONTROLS 


Assure top performance in 


Onan Electric Generating Plants 


standby ervice, lor 


for Onan 


s. Klixon engineers, 








ctures a complete > 


ervice. And, 





pical KLIXON Fixed Temperature Contr 
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‘ the new 202 serie 








CORPORATION 


3602 Forest Street, Attleboro, Mass. 


METALS & CONTROLS 


Spencer Thermostat Division 
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The Importance of Measurement 


PostT-SPUTNIK OBSERVATIONS of sources 
Russian strength in space flight and missil: 
deve lopment ins iriably lead to the conclusior 
that the U.S.S.R. has been building upor 
sound base of pure and theoretical researcl 
much wider than we had suspected. Bi 
it is not only the research physicists ul 
chemists that get these rockets in the air: it 
takes a great deal of engineering and manu- 
facturing skill to make the hardware 

In the later category. it is rather significant 
to learn that a fundamental base for success 

these fields is the science of measurements 
In a recent talk in Washington, Dr. Allen V 
Astin. director of the National Bureau of 
Standards. revealed that the Russian research 
ind development programs in the instrumen- 

of precise measurement is operated 

a higher government level than ar 
other industrial activity in the U.S.S.R. The 
svoal of large investment in this area appears 
to be directed toward fulfilling the precisior 
requirements of complex automatic machine 
production. There is also the clear tendency 
to lean heavily on theoretical analysis of such 
problems. In the 6th Five-Year Plan, which 
began in 1956. production of all types of 
electrical, mechanical, optical and radiatior 
measuring instruments as well as related trans- 
ducers for automation will be increased about 
three-fold. 

As an example. Doctor Astin observes that 
the Soviet scientists are prepared to calibrate 
temperature measuring devices up to 6000 | 
and are reaching for 12.000 C whereas NBS 
has only reached 4200 C by rather impromptu 
means of calibration. In the USA the highest 
controllable temperatures, obtained only from 
a solar furnace. are limited at present to 3500 
C. He concluded that our research progress 
revelant to measurement and standards com- 
petence cannot be inferior to the central Rus- 
sian effort if we wish to maintain our com- 
petitive positive overall. 

Perhaps the fear has been overstated. 


‘ | 
cor ré ‘ smatiel! 
ontrol to ille¢ 


still a pressing prol 
f precise components 
navigational and con- 
and missiles. Electro 
for example. widely 
being applied to 
have to be 

finish and accura 

an inch. Physi 


an be « ontrolled DV 


I 


character) 


mechanic |. electronic, light. nuclear 


radiation and chemical measurement. tech 


-cialized instru- 


d in this 


similar conclusions. 
They place reat emphasis on control and its 
/ 


modes proce I 


process sensing and discrimination 


Obtaining the necessary control data by auto- 
mati measurements is where they believe 


by designers is required. 
Such data have to be picked up electrically by 


i 


immediate attentior 


a variety of transducers in order to be handled 
by the logical and mathematical controllers of 
the future. Before automatic inspection and 
automatic statistical quality control proced- 
ures can be applied to the control of precision 
output of production machines. there first 
has to be measurement. 

Obviously, such measurements are being 
applied today. They are essential to any servo 
controlled machine or process. We believe 
these techniques will be extended in area of 
application and in precision of instrumenta- 
tion. New techniques involving design engi- 
neering will largely be developed by industry. 
prompted among other causes by basic eco- 
nomic factors such as lower cost of produc- 











Cryogenic Devices 
in Logical Circuitry and Storage 


{bility to destroy the superconductivity of certain metallic elements by application 


of critical magnetic fields at temperatures approaching absolute zero suggests ap- 


plications of the basic Cryotron to logical circuitry such as binary adder stages and 


memory circuits of miniaturized computers. In general. the device may switch. col- 


lect, store or compare electrical information. Much development work now being 


done is approaching the commercial stage. 


J. W. BREMER 

General Engineering Laboratory 
GENERAL EvLectric COMPANY 
Schenectady, N. Y. 


IN RECENT YEARS MUCH RESEARCH has been carried on 
relating to the behavior of material under cryogeni 
conditions (temperatures approaching absolute zero). 
One effect is that of superconductivity, when the elec- 
trical resistance becomes truly zero and not merely an 
extremely low value. Some 22 elements and many metal- 
lic alloys have been found to be superconductive at cer- 
tain low temperatures, mostly below 10 K,. as indicated 
in the table. 

An important characteristic of this phenomenon is that 
a magnetic field of sufficient intensity can destroy this 
superconductivity and cause normal electrical resistance 
to reappear. The field intensity at which resistance just 
appears is called the critical field. This is shown in Fig. 
1 as a function of temperature for four elements. The 
area below the curve for a given material is the super- 
conducting state and the area above. the normal resist- 
ance state. 

In 1955. during an investigation of a rather broad 
nature on devices suitable for logical circuitry carried 
on at the Lincoln Laboratory of MIT, the simple ele- 
ment sketched in Fig. 2 was devised. Called the Cryotron 
by its inventor, D. A. Buck, it consists essentially of a 
short conductor (0.40 in. is typical) or gate wire around 
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which is wound a control coil. If the current in the con- 
trol coil produces a magnetic field at the surface of the 
gate wire of greater intensity than the critical magneti: 
field, the gate will exhibit normal resistance. otherwise 
it will be superconducting at cryogenic temperatures. If 
the control is wound of wire having a critical field higher 
than that of the gate wire. the control winding will al- 
ways be superconductive. Thus, there will be no power 
lost in the signal circuit. The result is a switching ele 
ment somewhat analogous to a normally closed relay. 
The difference is, however. that this element goes from 
zero resistance to a measurable resistance with the ap- 
plication of control current. while the relay goes from 
a low resistance to an extremely high resistance 

The state of the cryotron art may be compared to that 
of transistors six or seven years ago: that is, intriguing 
possibilities for their applications are seen. The major 
problems to be solved are fairly well known and the 
operating principles are partially understood, but the 
proper course of development is somewhat vague and 
the cryotron’s place in the bevy of switching and memory 
components (in terms of speed, cost, size, reliability, 
etc.) can only be guessed. A short review of some of 
the limitations is in order. 

Gate Efficiency. One aspect of superconductivity which 
imposes an unfortunate restriction upon the design of 
all practical devices using superconductivity, including 
eryotrons, is the critical current. In the element of Fig. 
2. if a current is sent down the central gate wire, it will 
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produce a magnetic field around its surface proportional 
to the current. The magnetic field, in cgs units, is: 


(1) 


where d, is the diameter of the gate wire. If the 
magnitude of this field is larger than the critical field 
of the gate material, the gate wire will exhibit normal 
resistance. This is the theoretical picture and is known 
as Silsbee’s Hypothesis. It is restrictive, since in many 
materials the critical current, deduced from Equation 1, 
cannot even be approached before the superconductivity 
is destroyed. An “efficiency,” of Figure of Merit, for the 
gate wire can be defined as the ratio of actual critical 
current to the theoretical current. or: 


IP 
2h ile H. 
where /, is the experimentally determined critical cur- 
rent. 

The efficiency for gate wires of other than circular 
cross section is defined in the same manner, but involves 
a more complex equation. The element originally thought 
best for the gate, tantalum, has an efficiency of only 
about 10 per cent in its commercially pure form. With 
proper care and purification this efficiency can approach 
90 per cent, but the difficulty in obtaining this plus the 
problem of joining this hard material to other wires has 
never been solved satisfactorily. For these reasons, most 
workers in this field are using tin as their gate material. 
This is a material where efficiencies of 75 to 80 per cent 
are common, and the junction problem is simplified. 
Tantalum was originally chosen because it is barely su- 
perconducting at the normal boiling point of liquid 
helium. 4.2 deg Kelvin. As is seen in Fig. 1, the critical 
temperature for tin is somewhat lower. To obtain this 
critical temperature, a vacuum and regulating system is 
necessary to lower the liquid helium to this temperature. 
The advantages of tin over tantalum far outweigh this 
slight complication. 

Current Gain. In logical switching circuits it is ob- 
viously desirable to have a current gain greater than 1. 
In the cryotron element of Fig. 2, this means that the 
control current used to switch the gate from the super- 
conducting to the normal state would have to be less 
than the critical current of the gate. For a solenoidal 
control coil, the field produced by control current at the 
surface of the gate is: 


H 


where .\V is the number of turns, / 
rent, and | 


is the control cur- 
is the length of the solenoid. all in cgs 
units. The current gain is then the ratio of the gate cur- 
rent that just produces normal resistance. to the control 
current that just produces the same condition: 


(1) 


For element configurations other than a straight cyl- 


indrical gate wire and a solenoidal control coil, the equa- 
tion for current gain is, of course, different. 

Time Constant. In any useful cryotron logical circuit, 
the gate wire of one cryotron will control the current in 
the control coil of another. Assuming that the two cryo- 
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Superconducting Elements and 
Their Critical Temperatures 


Degrees, 
Kelvin 


Degrees, 


Element Kelvin 


Element 
Technetium 11.2 
Niobium 8.0 Gallium 
Lead 7.22 Rhenium 
Vanadium 5.1 Zinc 
Tantalum 4.4 Uranium 
Lanthanum 4.37 Osmium 
Mercury 4152 Zirconium 
Tin 3.73 Cadmium 
Indium 3.37 Ruthenium 
Thallium 2.38 Titanium 
Thorium 1.39 Hafnium 


Aluminum 


trons are identical. the control coil inductance and the 
cate wire normal resistance will give the time constant of 
one element. For the simple element shown in Fig. 2. the 


control coil inductance: 


The gate wire resistance in the 
is: 


where p i 10ormal resistivity. 


— 





6 


egrees Kelvin 


Fig. 1—Critical magnetic fields plotted against limiting cryo- 
genic temperatures for tin, tantalum, lead 


and niobium as 
superconductors. 





lhe time constant of this simple element is then: 


! 
R 


assuming that the coil diameter is approximately equal 
to the gate wire diameter. By substituting Equation 4 


in Equation 7. we get 


Although the time constant dependency on these four 
factors is different for different configurations than that 
of Fig. 2. Equation & does show the methods available 
to the designer to reduce the time constant of crvotron 


vain term. A, 


however. A cannot be re 


elements. It will be seer that the current 
appears to the second power: 


duced below a value slightly greater than | and _ still 


maintain reliable circuit operation. Also note that the 
most diligent efforts to increase the gate wire efficiency 
will provide a value ol only 


cent 


approaching LOO per 


Therefore. there are only two methods by which the 
time constant may be materially reduced: reduction of 


the gate wire diameter and ar in the control 


wire resistivity. A reduction in the gate wire 


Increase 
diameter 


must he other 


accompanied by the reduction in the 


physical dimensions of the element in order to main 


tain a certain current gain. This is an intriguing pos 


sibility because small size is desirable. 


Phe designer is limited here. however. Dy the dif 


t 


ficulties in handlit oO 


extremely fine wires. For conductor 
sizes less than 0.001 in. son 


Indeed. 


e other means of fabrication 

nust be found much effort is being extended 

development of techniques to fabricate cryotron 

nts of very tiny size to obtain high speed. while 

it the same time enabling practical interconnection of 
these elements to logical circuits and systems. 

The other method of decreasing the element time con 

stant. that of increasing the gate resistivity. offers two 


possibilities. The first is obvious: choose a gate material 


with a high normal resistance. It is difficult in this area 
to gain an advantage because of other limitations on the 
material. such as acceptable efficiency, critical tempera- 
ture. critical fields. and ease of fabrication. Work is go- 
ing on in the development of an alloy with the prope! 
characteristics and a high normal resistance. This solu 
tion offers little hope for the near future. 

The other possibility for increasing the normal gate 
resistance depends on the fact that currents in a super- 
conductor flow entirely on the surface of the conductor. 
When the gate is in the non-superconducting state, how- 
ever. the resistance is determined by its total cross sec- 
tion. Therefore, a hollow gate wire will carry the same 
current in the superconducting state as a solid wire and 
vet show a much higher resistance in the normal condi 
tion. Thus, a thin layer of the gate material deposited 
around a suitable insulating material makes it possible 
to increase the effective resistivity of the gate by two or 
three orders of magnitude. and thus decrease the time 
constant by like factors. 


Arithmetic Circuits 


\ binary adder stage is representative of the wide 
range of arithmetic circuits that might be included in a 


typical cryotron general purpose computer. Flip-flops or 
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Control 


Basic eryotron consists of a conductor 


and a controlled magnetic field 


Fig. 3—-Original version 


nary adder stage using « 


bistable circuits are not 

it is very likely that such a general 

vould be of the parallel-gated-level operation 
asynchronous it 


operation. as opposed to 


chronized pulse circuitry common with tra: 


vacuum tube omputers. th i 
ips or bistable circuits would 
the memory section. since stepping reg 
lators. and the like could be eliminated 

\ typical binary adder would receive inputs of the two 
numbers to be added. A and B. and would receive all 
binary digits of the numbers simultaneously. 


digit or bit. 


kach binary 
is represented by a pair of wires, so that 
i current on one wire represents the | state and on the 
other wire the 0 state. The output of the adder, the sum 
of A and B. will be developed in the same way with 
a pair of wires for each bit of the sum. In such an adder. 
an incorrect sum will be developed within a few milli 
microseconds after the A and B inputs are applied to the 
circuit. After a certain time, representing the ripple 
of the carry circuits, the correct sum will be presented 
at the output leads and will stay there until the inputs 
are removed. The maximum carry ripple time will be 
the number of bits to be added. times the basic time 
constant of an individual adder stage. The original ver- 
sion of the binary adder stage is shown in Fig. 3. It 
uses 32 of the simple elements of the type shown in 
Fig. 2. If this is the n’th stage of the adder, it receives 
inputs of the n’th bit of A, the n’th bit of B, and the 
carry from the (n—1) stage. Its output is the n’th bit 
of the sum and carry to the input of the next or (n—1) 
stage. In the circuit of Fig. 3, the eight long cryotrons 
shown at the right of the circuit, which are each two 
simple elements with their gates in series, represents 
a type of fanning switch which has eight output wires. 
Only one of these has a current on it, depending upon 
which one of the eight possible combinations of A, B 
and the carry input are energized. Each one of these 
combinations then has a proper value for the sum and 
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carry outputs. These are developed by allowing the cur- 
rent coming from the proper switch output to destroy 


superconductivity in the line representing the wrong 


answers. thus letting the current flow through the line 


for the right answer, which is then. of course. super- 
conductive 

Note in this circuit as in all cryotron circuits. that 
steady-state currents flow only through superconductive 
paths so that there is no heat developed, except during 
the transition. This is because the circuit will evaporate 
considerable liquid helium due to its low heat of evapora- 
tion (about 2.6 Btu per liter). Care must be used in 
the design of cryotron circuits to make sure that two 
parallel current paths are always possible. one of which 
is superconducting and one normal. Of course. current 
will always choose the superconducting path and no 
powel will be lost. 

As already mentioned, cryotrons made of wires have 
serious limitations. both in the difhiculty of fabrication 
and the very important problem of switching speed. 
Figure 4 shows a binary adder stage adaptable to printed 
circuit techniques. It performs the same functions as the 
original version with the same inputs and outputs. This 
tvpe of configuration can be developed to give the 
proper combination of manufacturing ease and the small 
size necessary for speedy response. 

All the straight wires shown in Fig. 4 would be laid 
down on a flat insulating surface and would serve both 
as the interconnections and as the gate wires themselves. 
The coils, although shown as solenoids, could be of a 
flat spiral construction laid down on the same insulating 
material. The coils would be made of lead because that 
material has physical properties close to that of tin and 
possesses a critical field sufficiently higher than the tin 
gate wires. Thus. it would never lose its superconduc- 


FEBRUARY 1958 


A input 
common 


tivity. Circuit operation is somewhat different; it can be 
One example should suffice 
here. Assume that the A and B numbers are both 1's 


and that the carry input from the preceding stage is 0 


determined by inspection. 


there will then be a superconducting path between the 
sum-common terminal and the 0-sum output terminal 
and not to the 1 sum output terminal. There will also 
be a superconducting path between the 0 carry input 
terminal and the 1] carry output terminal, but not to the 
Q carry output terminal. 

The possibility now exists for the construction of a 
complete binary adder. associated switches. and logical 
circuits with only two steps. First. deposition of the tin 
gate and interconnecting wires. and second, the deposi- 
tion of the lead coil and connections. The development 


of such tec hniques is of prime importance to the adop- 


tion of cryotron systems. espec ially when considered on 
a purely economic basis. 

Interrogation Circuit. As an example of what can be 
done with cryotrons in more specialized applications, an 
interrogation circuit is shown schematically in Fig. 5. In 
this circuit. the memory device has stored in it the data 
to be interrogated. Only one binary digit is shown, and 
the state of the device is exhibited by current owing 
in either the 1 or the 0 output lead pairs. 

Thus, if the value of the data stored in this memory 
device is 0, the upper left cryotron gate will be normal 
and the lower left cryotron gate will be superconductive 
The interrogation signals come in on the righthand pait 
of cryotron gates. If as before. the bit value stores is 0. 
and the interrogation signal is 0. there will be a super- 
terminals X and Y. 
through the upper right cryotron gate and the lower left 
cryotron gate and across the cross bar. 


conducting path between the 


If the interrogation signal were a 1. there would be 
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no superconductive paths between X and Y. and if a 
current were applied between those two terminals, a 
voltage would then exist and could be detected. 

A large array of such circuits is now being constructed 
from the simple wire elements of Fig. 2 and will prob- 
ably be the first practical application of cryotrons. In 
this system, a large number of words are stored in binary 
form in the memory devices. Current is sent through the 
circuit, and the whole system is with a 
binary word. The absence or presence of a voltage at 


interrogated 


the output terminals indicates the presence or absence 
of the interrogation word in the memory. 

Such a system has advantages even when using cryo- 
because, assuming that the memory 
devices are properly switched and the interrogation sig 
nals can be applied almost instantaneously, the 


trons made of wires. 


output 
signal does not depend upon the switching of one cryo- 
tron by another. Therefore. the switching speed does not 
depend upon the basic L/R time constant, but rather on 
the fundamental superconducting-to-normal resistance 
transition, which is in the millimicrosecond region. How- 
ever, most logical requirements prohibit the use of this 
principle, and development to reduce the basic L/R 
time constant must still be carried on. 

Memory Devices. Conventional cryotron flip-flops are of 
little importance, because of the reasons already given. 
the difficulty of decreasing the time constant of a cryo- 
tron below several microseconds. and most important, 
because of several fast and simple memory devices re- 
cently introduced. These new devices use the phenom- 
ena of persistent currents, or super currents, in a multiply 
connected superconductor. In a loop of superconducting 
wire, for example, a current once started will continue 
indefinitely without change in amplitude as long as the 
wire remains superconductive. Memory action can thus 
be obtained by making a device that has as its two 
states a persistent current and no persistent current. or 
a device that has a persistent current in one direction 
and a persistent current in the other direction. 

The first of these devices is sketched in Fig. 6. Schema- 
tically, it consists of a cryotron gate of a low critical field 
material R in parallel with a high critical field material 
inductance L. In parallel superconducting circuits, the 
current divides inversely as the inductance. Most of the 
current / will then flow through the low inductance gate 
element R, and very little through the inductance L. If 
the current / is higher than the critical current of gate 
R, the resistance of the latter will become normal, causing 
the current to go through the superconducting path of 
inductance L. 

When the current / is shut off, gate R will return to 
its superconducting state, and the energy stored in the 
inductance will cause a continuous current to flow around 
the superconducting loop in such a way that the current 
will be from right to left in the gate R. If another current 
pulse / is introduced in the same direction as the original 
pulse, it will cancel out the persistent current in R, pro- 
ducing approximately no current in that gate, which will 
then remain superconductive. No voltage will develop 
across the V terminals. If, however, the next current pulse 
] is in the opposite direction, it will add with the right-to- 
left current in the gate R. causing it to become resistive. 
and a voltage will appear across the terminals V. The 
actual geometry of the element is shown at the right in 
Fig. 6. 
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The always-superconductive part and the leads are 
made of lead, for example, and the gate to be switched 
is made of tin. Prototype devices have been built that 
have switching times of about 50 millimicroseconds, when 
pulsed with 200 milliamps. and have developed an output 
of 0.3 volt. 

Another memory device operating on the same prin- 
ciple but with an entirely different configuration is mem- 
ory B, shown in Fig. 7. In it, a flat superconductive sheet 
of a high critical field material is placed on an insulator. 
\ hole is made in this sheet and a cross-bar of a low 
critical field material is bridged across this hole. If a 
magnetic field of a magnitude between the critical fields 
of the two materials used is introduced perpendicular to 
the plane of the film, it will destroy the super onductivits 
of the crossbar and enter the hole in the sheet. 

When the field is removed. it will induce currents 
around the periphery of the hole, and since it is reduced 
below the lower critical field value, the crossbar will 
then become superconductive. The induced currents will 
then flow through the crossbar, and since the entire cir- 
cuit is superconducting it will continue to flow even 
though the external field is removed. 

In practice, the external fields are produced by drive 
wires placed over the device and arranged in a coincident 
current matrix similar to that used for magnetic cores. 
with the intersection of two drive wires over the center 
of the hole. When switching from persistent currents of 
one rotation to those of the other rotation the change in 
flux is detected by a sense wire placed beneath the film 
This memory device has switching speeds approximating 
only 10 millimicroseconds when driven with 150 milli- 
amps. 

The memory device depicted schematically in Fig. & 
takes advantage of the fact that currents in parallel super- 
conducting circuits divide inversely as the inductance. 
The current leads of the outer loop are arranged so that 
there is considerably less inductance in one branch of the 
circuit than in the other. A somewhat simplified descrip- 
tion of its operation follows. Thus, as a current J is intro- 
duced, most of the current will flow through the shorter 
segment on the left hand side of the loop. When the cur 
rent is turned off, a persistent current will be set up in 
the loop equal to the difference between the two seg- 
ment currents. It will flow in a counterclockwise direction. 
If the current were in the opposite direction, the persis- 
tent current would be in the clockwise direction. 

The persistent current, when changing from one rota- 
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Fig. 6—Cyrogenic memory device 
in which one element, inductance 
L, always remains superconductive. 
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tion to the other, will produce a change in flux in the 
inner loop, producing a voltage on the terminals \ 
which is then the output of the device. Experimental 
versions of this device have operated in the 100 milli- 
microseconds region. 

Using the principles embodied in the three memory 
devices described, a large scale memory may be imagined 
for use in a cryotron data processing or computer system 
with the advantages of extremely high storage density, 


very low power requirements (in fact, no steady state 


power), and a very low cost per bit. All of these devices 
suffer from one disadvantage: in their present form, they 
do not have current gain. If, in a given system, these 
memory devices are required to drive other cryotron cir- 
cuits, their output must first be amplified to a useable 
current level. However, this amplification might be com- 
bined with the output switching used to select the proper 
memory location. 

In the consideration of cryotron circuits, suitable dis- 
tinction must be made between logical and memory de- 
vices because of the essential differences between their 
characteristics. Entirely different techniques may evolve 
as optimum methods of fabrication for each type, al- 
though development of each must proceed simultane- 
ously. Logical circuits for arithmetic or switching can be 
assembled similar to the adder circuit described, and 
large scale memories of spectacular specifications can be 


o 0 


Fig. 8 


Fig. 7—Cryogenic memory device composed of a high and a 
low (cross bar) critical field material. Fig. 8—Memory based 
on current division in superconducting ring. 
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Fig. 4 (left)—A later version of a binary 
adder using printed wiring techniques for 
the equivalent cryotrons of Fig. 3. 


Fig. 5—Suggested application of 


ceryotrons in a memory interroga- 
tion circuit. 


built when the appropriate fabrication techniques are 
developed. 

The problem of switching sped comes down to the 
problem of decreasing circuit size, including intercon- 
necting wiring to keep inductance low, and in increas- 
ing the resistivity of the gate. These possibilities are 
wholly dependent upon the fabrication techniques for 
both logic and elements. If the fabrication 
problem can be solved, the overall operating speed of 


memory 


cryotrons will certainly be competitive with that of other 
components. 

No mention has been made here of the refrigeration 
problem or the necessity of maintaining circuitry at 
temperatures near absolute zero. Widespread application 
of cryotron systems is sufficiently far away so that liquid 
helium cryostats of the laboratory type are adequate. 
Considerable engineering work must be done to develop 
rugged and efficient refrigerators capable of reliable 
performance under varying conditions. This is not to say, 
though, that the necessity of refrigeration is a serious 
drawback to the use of cryotrons. Even low power 
transistor digital systems have serious heat transfer 
problems, and it is expected that the overall refrigera- 
tion cost for a cryotron system will not be prohibitive 
compared with the air conditioning costs for conventional 
systems. 

When cryotrons were first introduced, a system em- 
ploying a quarter of a million logical elements occupy- 
ing only a cubic foot of volume was promised. With 
continuing progress of the many firms already in the 
field, this promise will come true in a very few years. 
In addition to its small size, this system, whether it is 
a special purpose data processor, a general purpose 
digital computer, or an airborne navigational computer, 
will have the additional advantages of extremely low 
power consumption, light weight, long life and greatly 
reduced cost. 9 OC 





Moving-table. horizontal-spindle three-axis Kearney & Trecket 
milling machine, now installed at The Martin Co, Baltimore. 
Md.. was specially designed to develop the capabilities of the 
Bendix numerical control system—has 10 ft longitudinal. 4 ft 


vertical and 2 ft transverse travel: 20-hp spindle motor. Overall 
drawing-to-finished-part accuracy of machine and associated 
control and tape preparation equipment is within 0.001 in 
Machine control unit i- at right foreground 


Flip-Flops and Diode Gates 
Translate Punched-Tape Program 


Logic 


circuit: details of the machine control 


unit of the 


Bendix numerical control system for multi-axis machine tools. 


GEORGE H. McDANIEL 

ROBERT C. SIMS 

BENDIX AviATION Corporation, Research Laboratories Division 
Detroit, Michigan 


THE CONTINUOUS-TOOL-PATH numerical control system 
developed by the Bendix Research Laboratories was con- 
ceived as an overall manufacturing system for the produc- 
tion of, initially, aircraft and missile parts. The machine 
control program is prepared in punch-tape form from 
dimensional data by a general-purpose digital computer 
and then decoded in an electronic machine control unit 


using digital computer techniques. The system was de- 
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veloped with Bendix funds at the Research Laboratories 
Division of Bendix Aviation Corporation, and is now in 
production for the Air Materiel Command machine-tool 
procurement program. 


Manufacturing System. A- -ketched in Fig. 1. the 
steps in the manufacturing process are as follows: 

1. A drawing which presents the part dimensions in 
a form convenient for data processing is prepared. 

2. A process planner plans how the part is to be made 

the form of the original workpiece (casting, forging. 
rough-sawed blank. bar stock. ete.). the sequence of cuts. 
the feed rates. the kinds of cutters. and the holding fix- 
ture for the workpiece. The procurement of the original 
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TAPE PREPARATION 


Overall manufacturing -ystem begins with the part draw- 


ing: dimensional data transferred to 


Flexowriter-punched onto proces- 


sheet 


process 


computer where stored routines direct computation 


holding 


conventional manner and is n 


workpiece, the handled in the 


hxture, etc., ts 
t programmed, 
3. The process plannet mmpletely describes the ma 
chining operation by 


sheet. 


filling out a form called a process 


$. A clerical worke types a copy of the process sheet 
on a special typewriter which at the same time punches 
on tape. in coded form, the same information. 

5. The clerical worker feeds the process tape into a 
general-purpose computer. along with a = special pro- 


gram tape which carries the the com- 


nstructions that 
puter is to follow in processing the data. 
6. The computer punches a control tape which carries 


the information 


required for actually controlling the 


machine. 

7. The control tape is fed into a machine control unit. 
\fter the workpiece has been mounted on the machine 
and after the tool has been manually set to the prescribed 
starting point. the machine control unit will completely 
control the manufacture of the part. Human intervention 
is required only for changing cutters and for tasks such 


as rearranging holding clamps as the work progresses. 


Control Tape Preparation 


Figure 2A shows a sample part which might be made 
by such a system. Note that the part is specified by the 


coordinates. a table. of a suthcient number of 


eiven In 
points on the final surface. This is a form convenient 
for data processing. By advance planning, the original 
drawing of a part can usually be dimensioned either in 


this wav or to get to this 


in such a wav that it is easy 
form. 
Process Sheet. | igure 


which the process planner has filled in to describe the 


2B shows the process sheet 
manufacturing process. The process planner will generally 
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tape which is fed into 


Machine 
control 
unit 


incremental machine-axis 
which is then punched onto 


motion and _ feed-rate data, 
machine control tape. Special 
control typewriter permits programmer-computer 
sation” and modification of 


“conver- 
tored computer routine. 


i person whe with macnining te niques 


ind processes. (uite possibly he have been working 


is a process planner for operations involving 


othe pes of machines, 


o fill out a process 


card properly. he must learn a limited set of rules and 


“vocabularv” of special 


a very short 


codes for certain 


special operations. Experience has shown that the special 


training required car about a week. 


\ few details about the process sheet should be pointed 


be provided in 


out. without going into minute detail: 
l. Straight 
of their ends 
2. Ares of 
straight line 


line cuts are 


spe ied by the coordinates 


series of 


circles are approximated by a 


cuts. but it is not necessary to delineate 
h of these lines on the process sheet. It is only neces- 


sary to give the coordinates 


of the ends of the arc. the 


radius of the arc. and the “tolerance.” o1 


maximum 
allowable error between the desired circle and the straight 
| This 


line approximation. 
surface finish 


small as 0.0001 in.. 


“tolerance” is frequently de- 


termined by considerations; it may be as 
which is small compared to the over- 
all accuracy of the machine. A small amount of additional 
information must be given in coded form, but this is of 


no concern here 


3. For any cut. the tool diameter is given, and it should 


be emphasized that the points whose coordinates are 
siven are on the final desired surface. The computer cal- 
culates the tool center path that will give the 
surface. 


desired 


1. For milling out a pocket, such as the center of the 
“D” on the sample part, it is only necessary to describe 
the contour of the por ket. the depth of the finishing 
cut, and the number of roughing cuts. The computer will 
calculate the complete cutter path to cut the pocket. 

Work is now in progress to increase the number of 


L 
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Sample part drawing locating critical 


point 


coordinates of part contour 


changes. 


Process sheet prepared from sample 
part drawing. Lines (1) through (6) 


determine 
through (12) the 


lines (7) 
inside cut. Com- 


outside cut; 


puter applies tool offset and calcu- 
lates tool center path. Computed tool 
path for inside cut starts with tool 
plunging into pocket near center and 


then 


semi-circular 


following an 
path 


ever-increasing 
until pocket is 


completely milled out. 


types of cuts that can bs 
computer program. 
Process Tape. A slightly 


used to prepare the process tape 


conveniently handled by the 


modified Flexowriter is 


\ clerical worker takes 


a hand-written process sheet, such as Fig. 2B. and duphi 


cates it on this unit. A typed copy is produced, and a 


process che k. 
after this tape is punched, it is fed into a tape verifier 


tape is simultaneously 


punched. As a 


unit, and the original process information is again typed 
by the operator, punching a second tape. If the operator 
at any time punches a key that calls for a code to be 
punched other than that punched on the first tape, the 
punch will not work and the keyboard will lock up. The 
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operator then finds where the error lies—on_ the 
tape or in the key that has just been punched 
rects it. 

Computing. The computing equipment includes a 
G-15D computer and auxiliary magnetic tape handler 
standard items produced by the Bendix Computer Divi- 
sion, in use in numerous installations that require gen- 
eral purpose computers. For preparing tapes for machine 
control, a special control desk has been developed and is 
now a standard item. This desk unit contains the tape 
reader for the process tape, equipment for converting 
Flexowriter code to the computer code. a tape punch for 
punching the machine control tape, a special electric 


first 
and cor- 
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typewriter for communication between the computer and 
the operator, and the equipment necessary to convert 
from the computer’s normal output format to the format 
required by the machine control unit. 

As implied earlier, the major jobs of the computer 
are to compute the cutter center path to produce the 
desired part, and to compute, for each circular arc. a 
straight line approximation within a specified tolerance. 
Also the computer adjusts feed rate so cutting rate will 
not exceed tape-reading speed (required only for very 
short cuts at high speed) and the computer programs 
automatic slow-down for abrupt contour changes at high 
speeds. 


These calculations are controlled by a omputer p1 
gram tape prepared by Bendix. However. users ca: 
modify the routines, add sub-routines or control the com 
puter manually via the control typewriter. 

Control Tape. Figure 3 shows a sample of the tape 
which is punched by the computer. and which will ulti- 
mately control the machine. A binary number specifying 
the number of command increments and the directior 
of motion for each axis is given for each straight line 
cut. A command increment in this system is 0.0002 in. 
\ feed rate command number. related to the specified 
feed rate. is also pun hed for each straight line cut. Only 
as many lines of tape as are necessary for the informa 
tion for each straight line cut are used; therefore an 
“end of block” signal is required to indicate where a 
block of information ends. 

The channel that is labelled “5” is always punched 
by the computer and is useful for reading the control 
tape back in to the computer for checking or for modifica 
tion. This channel is not read by the machins 


lé control 


unit. 

In each row of holes the tape. the “parity 
check” position is either punched or not punched so as 
to make the number of control information holes (this 
excludes the sprocket hole and channel 5) an odd num 
ber. The computing equipment automatically determines 
whether or not to punch this hole, and the machine con- 
trol unit checks each line as it is read. This provides a 
heck on the reading and initial storage circuitry. 

The control tape is specially fabricated of a layer of 
iluminum foil between two lavers of Mylar. Aluminum 
foil is an excellent opaque material for use with the 
photoelectric tape reader on the machine control unit, 
ind Mylar provides exceptional strength and durability 
for shop conditions. No tape of this material has been 


known to wear out under normal usage. 


Machine Control 


[The machine control unit makes extensive use of 
digital computer type circuitry. The basic building blocks 
are bistable multivibrators (flip-flops) and diode gates in 
standardized electronic plug-in printed-wiring packages 
Fig. 6). Later models of the control unit utilize mag 
netic-core circuitry; transistorized flip-flops have also 
been developed. All changes of state of the flip-flops occur 
in synchronism with the system master oscillator, or 
“clock.” 

\ simplified block diagram in Fig. 4 shows the major 
blocks of the control system. The control tape informa- 
tion is read by a photoelectric tape reader, commercially 
available but slightly modified. A photoelectric reader 
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Machine « 


was selected for reversing 
or research or ind an or wear of the 
tape. 

Lape dala 1s read 


sforage. 


ints 
stored until needed. Two storage registers temporary 


and active—are employed so that the machining operation 
will not be interrupted while the tape reader reads new 
information. Transfer between these two registers takes 
place between command pulses to the machine, and there- 
fore does not interrupt the process at all. When needed, 
the information is transferred into active storage. The 
feed rate information in active storage is decoded by 
the auxiliary scaler. which controls how fast the scaler 
operates. The scaler decodes the cutting information for 
each axis. and transmits the cutting commands to the 
corresponding servo systems. The commands are in the 
feedback devices. which 
are geared to the lead screws that drive the machine 


form of voltage pulses. The servo 


slides, provides signals to the » control unit. There 


they are electronically conve pulses, with each 
pulse corresponding to the same amount of travel as 
does a command pulse. Feedback information is also 
provided as to which direction of travel gave rise to each 
unit keeps track of the net 


difference between command pulses and feedback pulses 


pulse. The machine contro 


for each axis, and provides a proportional signal to 
tion so as to reduce this dif- 
ference. At the end of any series of cuts, the machine 


each servo drive in a dire 


can be automatically stopped by information on the tape. 


Tape Reading. \ more detailed block diagram of 








Simplified block diagram of 
machine control unit for 
translating tape data into 
machine-axis movements. 








Block diagram expanded to show ma- 
jor components of tape-reading mech- 
anism and machine-axis servos. 














the machine and control system is shown in Fig. 5. The 
tape-reading process is controlled by the tape reader 
synchronizer. When a signal derived from reading a 
sprocket hole indicates that a line of tape is to be read 
into storage, the tape reader synchronizer shifts the in- 
7) to make 
room for this line. It then reads this line into temporary 


formation already in temporary storage (Fig. 


storage, and then signals the parity check circuit to test 
the first stage of temporary storage to determine if the 
line was read in correctly. The tape reader synchronizer 
also makes sure that each line of the tape is read only 
once. 

When the “end of block” code on the tape is read. the 
reader is stopped. provided that there is information in 
active storage to control the machine. However, there may 
be no information in active storage: this will be the case. 
for example, when a machining operation is just being 
started. In such a case. the information in temporary 
storage will be immediately transferred into active stor- 


age. and the reader will continue to read until an “end 
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Transverse servo 


of block” code is read at a time when there is informa 
tion In active storage. 


The tape reading speed is usually very high compared 
to the rate of using information by the machine. How- 
ever. if precautions were not taken to prevent it, it would 


be possible that under certain circumstances the machine 


might be ready for new information before the reade1 
could supply it. This could only occur when making very 
short cuts at high feed rates. as might occur if a circle 
of small radius were to be cut to very close tolerance at 
a high feed rate. If the process planner specifies a cut at a 
feed rate which would create such a situation. the com- 
puter will automatically punch the control tape with a 
lower feed rate command. This command will be such 
that the cut will proceed smoothly without the machine 
having to wait for the reader between straight line seg- 
ments. 

Under most conditions. there will still be a block of 
information in active storage when the tape reader com- 


pletes the reading of the next block. The information in 
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Three variations of the standard flip-flop packaged plug-i 


ind developmental transistor unit. 


active storage will control the machine until the end of 
the current straight-line cut is reached. and then active 
storage is cleared and the information in temporary stor- 
age is transferred into active storage. 

The block length 


temporary 


counter works in conjunction with 
storage. It counts the number of lines of 
motion information in each block as it is read into 
temporary storage This count is transferred to active 
storage with the rest of the block. 


the length of the scaler. 
Position Command Pulse Trains. The auxiliary 


scaler (Fig. &) and the scaler Fig. 9) 


ind is used to control 


utilize the prin- 
ciples of the binary operational multiplier. This is a 
device which consists of a binary counter with additional 
gating circuits. One input to the device is a string of 
pulses, and another Input is a binary control number 
set up in some appropriate form of storage. 
of the device will be a string of pulses whose rate is 
equal to the rate of the input pulses multiplied by the 
binary control number. 


The output 


| 


times a constant related to the 
number of stages in the counter. Another property is 
that if the counter is at “zero” when the binary control 
number is set up. then by the time the counter has counted 
to its full capacity and overflowed, the number of output 
pulses will 


be equal to the binary control number. 


onstant. then the 
output pulses will be very nearly equally spaced in time. 


Furthermore, if the input pulse rate is 


The scaler utilizes the second of the above properties. 
It has a single input pulse rate. but three control num- 
bers—one for each axis. The control numbers are the 


command numbers in active storage for each axis. There 


is an output for each control number, and each output 


consists of a set of pulses approximately equally spaced 
in time. These pulses are used as the commands for the 
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in unit: initial vacuum-tube design. later magnetic-core design 


servo systems. and will obviously call for motions which 
are approximately linear functions of time. Therefore the 
net motion that results will be very nearly a straight line 
(Fig. 10). 

In order to control the speed of the output motion, 
the pulse rate into the scaler is varied as required. The 
source of this variable pulse rate is the auxiliary scaler, 
which makes use of the first mentioned property of a 
binary operational multiplier 


its ability to multiply a 
pulse rate by a binary 


number times a constant. The 


Computer Element Symbols 














Simplified logic diagram of temporary and active storages block is reached. When 


active storage is clear, data in 
for X-axis incremental-motion data. Tape data is 


read temporary storage is shifted to active 


storage and tem- 
serially into temporary storage a bit at a time until end of porary storage is again filled 


h 


+ 
| 
¥ 


1 


+> @ } 


Simplified logie diagram of auxiliary scaler to provide gate can pass every second pulse, the next every fourth 


pulse train representative of desired feed rate. Pulse train pulse, the third every eighth pulse, ete and the last every 


from master clock is multiplied by a binary control num- 1096th pulse. Output pulse train will include only those 


ber received from feed-rate active storage. First diode AND — pulses gated by feed rate active storage (see Fig. 10) 


Simplified logic diagram of scaler. Block length counter 
(Fig. 5) determines number of scaler stages required for a 
given motion and gates the feed 


of each axis gate the proper scaler stages to select the 
proper command pulses for each axis (see Fig. 10). First 
pulse to reach scaler overflow will clear active storages 
to receive next command. 


rate pulse train into the 
proper stage. Binary control numbers from active storage 
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Pulse diagrams for X motion of 0.001 in. and Y motion of 


0.0006 in. 


11/16 


requires 5 


at nominal 


feed rate. Because 


\ 


movement pulses axis 


ot 
line cause 


logic diagram 


the P 


Simplified 
Pulses 


error 
the 


register tor 


on register to count 


positive direction; on the V line, in the negative direction 


input pulses to this d 
oscillator. 


evice are those of the system master 


ind the control number is the feed-rate 


com- 
mand number from active storage. 

As mentioned earlier, the block length counter control 
the number of stages in the scaler in accordance with the 
number of lines of motion information in the block of 
If this then the 
to contain to accom- 
modate the largest motion command possible. If it were 
then required to make a very short cut at a high feed 


control information. 


were not done. 


scaler would have 


enough stages 


rate, the pulse rate that would be required at the input 
to the scaler would be so high as to be impractical. 

Servo Systems. There are three servo systems in the 
machine, one for each axis. Each system is composed of 
a synchronizer, an error register, an auxiliary servo ampli- 
fier, a servo amplifier, a hydraulic drive, and a feedback 
unit. 

Each synchronizer receives command pulses from the 
scaler, and feedback signals from a feedback unit, or 
quantizer. The feedback signals are varying d-c voltages 


FEBRUARY 1958 


\ 


longest 
sealer requires 


stages (2° Is first 


zero to overflow 


power of 2 greater than 5 


time 


to count from 


in proper interval 





Y 


~\ 


. —4——_—_»{ « }—. - - --~ 
S/S 


iXIs,. 


W hen net count Is positive, 
the 


if the net 


manded 


“forward motion is called for: 


count negative. “backward” motion 


is com- 


the 


which 


I he 


synchronizer « into 


iC tive storag 


suULsSe> 


feedback | 


sign information it 


on 


e determines whicl 
of two output lines from the synchronizer, one for each 


di 


rection, the command pulses 
nizer the 


feedback pulse 


out on. The synchro- 
of 
s, and puts these pulses out o1 
the appropriate output line. It also acts to 
command pulse from being transmitted at the 


as a feedback pulse. If the command pulse oct 


determines direction 


quantizer rotatior 


causing the 
prohibit a 
same time 


urs dur 
i feedback pulse period, its transmission is delaved until 


ins 


the next period of the system master oscillator. 

The pulses from the synchronizer 
(Fig. 11) which countei 
This counter keeps track of the net difference between 
command pulses and feedback pulses. The count in the 
error register is decoded 


into the 
is a reversible binary 


ro erro! 


register 


by network which 
produces a voltage proportional to the count over the 
region of counts normally encountered. This voltage is 
the input to the servo amplifier. If, under transient con- 


ditions, the count exceeds a certain value. the auxiliary 


a resistor 
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Hydraulic servomotor on table drive. Vickers rotary piston motor is 
rated 7.5 hp at 3000 psi supply pressure, controlled by two-stage hr 


Bendix flow-control valve. Bendix quantizer 


per revolution. Unit is geared to feed drive so as to establish pulse 


value of 0.0002 in. 


servo amplifier adds in a signal sufficient to saturate the 
servo drive in the appropriate direction to reduce the 
error as rapidly as possible. 

The output of the servo amplifier is a differential cur- 
rent which drives a torque motor. The armature of the 
torque motor positions a hvdraulic valve to control the 
flow of oil through the hydraulic motor which drives the 
lead screw. The machine member to be moved is attached 
to a ball-bearing nut on the lead screw. The quantize: 
is geared to the lead screw at the end opposite the drive. 
Fig. 12. 

The machine proper (frontispiece) was built to Bendix 
specifications by Kearney & Trecker Corporation. Mil 
waukee. Bendix supplied the hydraulic servo drives and 
the feedback instruments. The overall accuracy obtain- 
O.001 in. 
to make 


the fullest possible use of automatic control and incor- 


able, from tape to finished part, is about 
The machine was designed from the beginning 
porates extremely high structural stiffness, low-friction 
ways. low-backlash gearing, and ball-nut lead screws 
The natural frequency of each servo is above 20 eps. 

Auxiliary Control Functions. In addition to the 
main features of this system, there are several novel 
auxiliary features that are worth mentioning: 

Feed Rate Override. The machine operator can change 
the feed rates on a part from 25 to 125 per cent of their 
nominal values. This is accomplished by means of a con 
trol which changes the frequency of the system mastet 
oscillator. 

Tape Program Interruption. The operator can stop the 


machine at any time during a tape-controlled process and, 


unless power is removed from the machine control unit. 


can resume the operation from that point. 

Symmetrical Cutting Controls. The same tape can be 
used for cutting left-hand and right-hand parts by using 
controls which can reverse the direction commands to 
any axis. 


Vanual Auxiliary Position Controls. By using these 
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(on opposite end of lead 
screw) is rotary induction type that generates precisely 1000 pulses 


Finished part produced in 94 
total manufacturing time 
from drawing) by numerical 
machining as against 215 hours 
for conventional tracer tech- 
niques. 


controls any machine slide can be moved precisely any 


number of inches, at one inch for each time the proper 
control button is pushed. This feature is frequently use- 
ful in setting up for a process. for inspecting the part 
before it is finished. for moving around obstructions 
such has clamps) in the tape controlled path, etc. 
Power Manual Control. Manual controls are provided 
for running the machine with power drives for the slides. 
Spindle Power Control. The operator can select a 
maximum spindle power or cutter power that is per- 
missible during a cut. If the spindle drive motor power 
exceeds this value while the machine is under tape con 
trol. the flow of command pulses will be stopped until the 
At that time the command 


pulses will be resumed. until the power 


power drops below this value 
avaln exceeds 
the limit. and so on. Thus the net result will be a reduc- 
tion in the average feed rate in order to reduce the spindle 
power. 


Varginal Checking. Pr 


ing of the machine control unit under worse than nor- 


Vision is made for rapid test- 
mal conditions, such that components that are becoming 
marginal will be likely to fail. These can then be replaced 
before they cause trouble in a machining process. 
futomatic Checking. Numerous key points in the ma- 
chine system are monitored. and a malfunction at such 
1 point will automatically stop the machining process. 
Performance. A fairly typical part that has been 
made with this system is shown in Fig. 13. Records are 
available on the production of the same part by conven- 
tional tracer techniques. For tracer machining. 215 hr 
were required for tooling, as compared to 94 hr for 
numerical machining. This 94 hr includes designing and 
manufacturing the holding fixture. writing the process 
sheet. ty ping the process sheet in order to make a process 
tape, and using the computer to prepare the control tape. 
Machining time was 51% hr by tracer control, 2 hr by 
numerical control. The control tape is about 100 feet 


long. 
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Evaluation and Applications 
of Fiber-Insulated Magnet Wire 


Characteristics and 


related application 
areas of various types of magnet wire with 
fibrous. film and composite insulation. In- 
sulating materials discussed range from 
cotton, paper and silk through glass fibers. 
nylon yarn and polyester yarn: include 


asbestos paper and polyester film. 


HARRY L. SAUL Ms. Technical Director 
W. W. PENDLETON, Research Engineer 
Magnet Wire Research Laboratory 
Anaconpa Wire & Caste Company 
Muskegon, Michigan 


THis REVIEW COVERS celluiosic and orgzantk fibers 


natural and synthetic fibrous glass. paper, ashe 


nonfibrous materials (such as film tapes and mica 
combinations of anv of these together or with enameled 
ommercial desig 


Fable 


The discussion complements the previous article by the 


undercoats. Several characteristics. 


nations and application areas are tabulated in 
present authors in this magazine on enameled magnet 
wire { ph 


Classification 


In the natural fiber group are cotton, paper. and silk 
These materials are considered in a class having a maxi- 
mum temperature of 90 C when alone. They are upgraded 
to 105 C by the use of varnish, oil, or potting compound 
Cotton and paper are often used today where inexpensive 
but effective class 105 C 


where space factor is of secondary importance. 


magnet wire is required and 


In the synthetic organic fiber group are nylon, Dacron. 
rayon, and Orlon. Nylon and rayon have been considered 
to be in the class with cotton and silk (90 C) without 
varnish or oil and similarly upgraded to class 105 C by 
these impregnants. Dacron (polyethylene terephthalate ) 
and Orlon 


(acrylonitrile) fibers are more difficult to 


*Ita numerals ir rentheses apply to ed References at end of article 
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classify thermally. Thei: ounterparts. 


polyester magnet 


wire enamel and acrylic magnet wire enamel, respectively, 


are considered in classes 155 and 130 C respectively. And 
Dacron. is considered 
be that the fibers should 


unvarnished and are upgraded to 130 


Mylar tape, a polvester similar té 
in class 130 C. Therefore. it may 
be in class 105 ¢ 
C or better with the application of varnish. 

Paper is not strictly a fibrous insulation when viewed 
as a tape but. internally, paper is a mat of wood fibers 
th of th 


tape. Paper can be applied in extremely thin tapes whi 


not all completely aligned with the running leng 


strength. especially 
varnish. Like cotton. 


class 90 C until impregnated. whereupor 


retaining good dielectric 
pregnated with oil o1 


sidered 


paper Is 


becomes class 105 C. 

The inorganic fiber group consists of asbestos and glass 
The classification usually depends more on the 
bonds used with these materials than the materials tl 
With organic bonds. these materials are used at 
With silicone bonds. thev can 


and. in dry-tvype transformers. to 220 ¢ 


selves, 
130 C and up to 150 ¢ 
be used at 180 ¢ 
(Asbestos in recent years has been produced in thin tapes 
agian on 


I strengthened by 
When used in conjunction with glass fibers, high quality 


glass fibers or tapes. o1 both. 


thin asbestos sheet can be a desirable 


high temperature 


fibrous magnet wire insulation. Asbestos appears espe 


cially adaptable to large round. square. and rectangular 


wire used in aircooled or inert atmosphere tvpe dry-type 
transtormers. 
For certain advantages accruing from greater 
solidation. glass fibers mixed with Dacron fibers have 
most recently been advanced for use at 130 C with r- 
temperatures with a silico 


ganic bonds and at higher 


bond. 


Glass fibers over enamels such as Formvar have been 
class 130 C thermal stabilitv. Such 
combinations with silicone enamels can be 
180 C. 

Glass fibers plus a silicone bond on magnet wire have 


] ATEE Standard No. 1 in 


been assigned to class 180 C by 
the past. There has been. however. a considerable amount 


recognized as showing 


classified at 


of test data and engineering opinion that would raise the 
operating limit of this combination to at least 200 C 
and in some cases to 220 C. Test data on motors using 
this insulation run at 240 C for ten years by Dow Corn- 
ing engineers (2) indicate a greater thermal stability 
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Tabie | — General Types, Characteristics 


















































Thermal 
Identificati epee 
General a Classification 
Types eats oad 4 Flexibility of Covered Wire 
Insulation Bond Unvarnished Varnished 
Components Resin deg C deg C 
EASE SAAS SERENE YS RISE UN ATEN, SDI, Sen PMA RTS RSET eS SA SS Ss SCRAPS 
Cotton cover Cotton None 90 105 As Received After 48 hr at 105C 
yarn Ox mandrel No test 
Paper F Yon 90 5 As Received A — C 
insulated AWG 5x 4x 3x x 4x 3x 
8.19 OK K 
0.K . 
J 0.K . 
Silk cover \ x N.T 
U.A 
Nylon fiber N $0 x N 
covered T 0.K 
Glass-phenolic Gla 130 AWG As Received 5 
Pe n x ] x x x x 
n d ype ™ \ “ 
2 0.K A A 
Glass-silicone ¢ S n 0 180 R 4 A 7 
(220 in Dot n 
tr x x x x Bx 6x 4x lix 9x 7x x x x x x 
‘ A A U.A K 
. OK OK + 
r ra nd 7 _— t - - + - 
Dacron-glass ¢ 130 GOASR : 
2/0-16 0.K K mK 
7-36 0.K K K 
C - 0 p 1 77 
Dacron-glass re is. 
Gx 7x 5x Ox &x x x x Sx 7x x x x 6x 4x 
( - K K K 
r - . O¥ 
0.K 0.K 0.K OK 
OK 7 - O¥ 
(*0-6 18 bend and 7 m of m th 
Paper As Received wT 
and a 10x 
cotton n 0.K. 
Asbestos “ I AsR j A h 7 
covered, nee n Mandrel Rat as p 
rectangular reinforce l 6x 0 : x K 
" 3x 0.K 3x 0.K 
Asbestos- Asbestc y " - R 
glass, [ vi n 
rectangular tiber second tr : J 
serv ; ease 
Asbestos Asbestos- Silicone 180 180 As Received After 24 hr at 127C 
covered, “ oe reed drv-t Se Thickness Mandrel Ratio Mandrel Ratio 
xo trans: 0.250-0.101 6x OK. 6x O.K. 
rectangular en 0100-0051 4x OK 4x 0K. 
om 0.050-0.025 3x O.K. 3x OK 
Asbestos- Asbestos- Silicone 180 180 As Received After 24 hr at 177 
l glass rein- (220 in Thickness Mandrel Ratio Mandrel Ratio 
a oo \ oo arysype 0.250-0.101 6x OK 6x O.K 
rectanguiar glass Tiber rans- -£9U- . . 
3 serving Sommers) 0.100-0.051 4x OK. 4x OK. 
0.050-0.025 3x 0.K. 3x 0O.K. 
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Table | cont. — General Tyvnec. Charactaricticc 


















































and Applications of Fiber-Covered Magnet Wire 


Hardness or Dielectric Strength 


Elongation (layer test or metal shot test) Applications 


s not expected to be run at 
varnished or oil-immersed 


oth mineral type and 


otors for class 105 C 


h 








varnished 


abrasion 


As Received After 5 hr at 260 C 
1 minimum insulation thickness. 100 vpm minimum insulation thickness. - 
0.250-0.051 32 est made on straight length in metal shot. Test made on straight length in metal shot. Dry-type transformers for high temperatures and high 
0.050-0.025 tur -turn voltages. Good abrasion resistance. Class 
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. . 
Table | cont. — General Types, Characteristics 
— Thermal 
entiti i *g: ® 
ee Seen Classification 
Types secede i aesclatied Flexibility of Covered Wire 
Insulation Bond Unvarnished Varnished 
Components Resin deg C deg C 
PMO SRS = TE OORT GE CRIMES REL eR RM NH REED = oN eR RRS RS NO eS NASI AIREETA nie RC ON OT 
Enamel and None 90 105 As Received N.T 
>| 7 
cotton : AUX 
covered - 
Enamel and Plain None ) 105 s Re After 48 hr at 105 C 
enamel ae a 
paper plus g 4 x 5x x 3x 
covered paper OK. | 0.K 
tape 0.K 0K 
Pp 0 O.K 0.K 
Formvar Formvar s Received Shrat200C 24hrati170C 
a cna AWG 10 20 tox 
s fibe 5 D 
glass pos ber 7-30 0K OK 0K 
Enamel oe Organ 105 105 eived Shrat200C 24hrat170C 
ename,; 0 2 0 
plus plus eer oe ” 
glass glass fiber 0.K 0 0 
cover 
Nylon Nylon None 105 As Received NT 
- fiber 10x 
an over OK 
enamel plain enamel n 
Silk Silk None 105 As Received NT 
and aver 10x 
pla ne 
enamel enamel Tt 
Asbestos- aeoanins Organ : Rece eS 1 y 
Formvar, wall “ ; _ 
Formvar - 6x OK 
: rectangular 1 OK 
5 x OK 
Paper Paper None a eae : ¥ 
d tape AWG 5x x 2m 5x 4x x 
en seer = be i 
Formvar Formvar ) ox. ( ; 

’ 0.K OK 
Asbestos- — . . — oe oe . Se ae 
enamel, plain 3 white ; a 

t lar enar . x OK 6x 4x x 
rectangu a . 5] x OK ox 
¢ 25 ax O.K OK 
= OK 
a A ain ar | T 5 ee Ee a a a 
Cotton- ear oo a a 
v i x 
Formvar Formvar OK 
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NOTE 
; TEST METHODS: Data based on authors’ laboratory tests and industry sources. N.T.—no test mad 
ADHERENCE TESTS: No tests made on any of the wire listed except as follows 
As Received After 48 hr at 105 C BRASION RAPE TEST 
AWG Min. Elong Min. Elong., ° No test made on any wires except as follows 
Paper Insulated Glass-Silicone 
* 8-22 i: 9 AWG Needle oad Strokes 
5m. 30 - : Size Diam Gram SX OX 
—— 0-13 0.0725 600 10 30 
Paper and Formvar 14 0.0725 600 15 40 
8.29 15 15 0.0630 600 15 40 
- ee a 16 17 0 0550 600 15 4 
7 - a 7 : 18-20 0.0390 600 25 50 
2 +H = 0.0300 300 25 75 
2 6 f or M 
Enamel and Paper-Covered: ~~ - fe ° 
8-22 15 15 
23-27 10 10 
28-30 8 8 





and Applications of Fiber-Covered Magnet Wire 


i tric St t 
Dielectric Strength Applications 


Hardness or 
(layer test or metal shot test) 


Elongation 
































es where winding abuse 


MOISTURE RESISTANCE TEST 


8 
10-24 


25-40 


SOLVENT RESISTANCE TEST: No test made c 
Glass-Silicone Dacron-Glass 

30iling for 5 min in VM and P Boiling for 5 min in VM and P 
naptha 0.K. after cheeseclot p naptha 0.K. after cheesecloth wipe. 





TABLE !I—Fiber-Insulated Magnet Wire 


15,000-hr 
Indicated maximum 


Wire sample Varnish temperature, deg C 


Cotton Organic 105 
Glass Organic 132 
Dacron glass) Organic 136 
Glass Silicone 180 


than was first assigned to this insulation. This work indi- 
cated that the copper conductor itself, may be as vulnei 
able to oxidation as the insulation. 

As discussed in the article on enameled magnet wire 
(1), in high temperature applications copper conductors 
can be protected from oxidation by plating or cladding 
with a less easily oxidized metal. such as nickel. silver. 
brass. or aluminum, or the copper can be entirely re- 
placed by a less easily attacked metal conductor such as 
aluminum. This condition is not as severe with fiber- 
covered wire insulation as with enameled magnet wire. 
since the catalytic effects of the copper at high tempera- 
tures are not in evidence as with the latter. In addition 
to the motor tests made by Dow Corning the AIEE work 
ing group on dry-type transformers has also concluded 
from tests that the limiting temperature for glass and 
silicone insulation can be 220 C (a 150 C rise by resist 
ance and a 180 C hot spot rise. (3) This work was 
done on model transformer windings following the ATE] 
No. 65 test prov edure. 

The U. S. Navy has concluded from various tests made 
on glass and silicone insulation that a conservative rating 
of 200 C is justified under all conditions for electrical 
devices wound with this type of magnet wire. 


Classification by AIEE Test Procedures 


Fiber-insulated magnet wire has a spacing type insu- 
lation. That is. the dielectric strength of the fibers on the 
wire is not appreciably higher than the dielectric strength 
of air in the same spacing occupied by the fibers. The 
addition of varnishes to windings does not change this 
picture to any great extent. Thus. aging processes remove 
bond and varnish and specimens drop only small amounts 
in dielectric strength. Any test procedure based on volt- 
age checks as is done in AIEE No. 57, has a wide area 
of uncertainty with the probability of a scattering 
test results which often cannot be reduced to intelligible 


of 


lata. Use of moisture as a detector for failing conditions 
is also subject to premature failure as well as prolonged 
lack of failure in the same test depending on the condi 
tions of test. 

These conditions have prevented the development of 
tests similar to AIEE No. 57 for fiber-insulated wire alone 
Tests following AIEE No. 510 using model motors have 
also failed to produce good data. In AIEE No. 65 
for model air-cooled transformer. (4) tests have been 
run on glass and asbestos wire with some success re 
ported. However. the fact that the Dow Corning motors 
have outlived their expected lives by many times proves 
that cycling with voltage checks is a poor way to deter- 
mine the minimum life (the point at which abnormal 
conditions of contamination and voltage might cause a 
device to fail). 

One working group in AIEE (5) has been investigat 
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Table ill—Advantages and Disadvantages 


Advantageous 
characteristics 


Cotton 


Low cost 

Long use 

Excellent abrasion 

Does not cut through at 
temperatures below the 
carbonization level 

Good chemical resistance 
to oils, varnishes, etc. 


Paper 


Excellent dielectric 
barrier in oil 

Low cost 

Long satisfactory use 

Good space factor 
compared with cotton 

Can be applied in 
multiple layers of tapes 

Does not cut through at 
temperatures below the 
carbonization level 

Good chemical resistance 
to oils, askarels, var- 
nish, ete, 


Silk 


Good space factor com- 
pared with cotton 

Good abrasion resistance 

Does not cut through at 
temperature below 200 ( 

Good chemical resistance 

Can be applied to fine wire 


Nylon fiber 


Good space factor com- 
pared with cotton 

Good abrasion resistance 

Very high cut-through 
point 

Good chemical resistance 

Can be applied to fine wire 


Glass with organic bond 


Extremely reliable insula- 
tion since glass over- 
comes thermal aging 

For class 130 C or 
150 C use 

Good space factor com- 
jared with cotton 

Good thermal conductivity 
due to glass fibers 

Can be applied to fine wire 

Strongly retains impreg- 
nants after baking 


Glass with silicone bond 


Extremely reliable insula- 
tion as stated above 

For class 180 C or 
220 C use 

Good space factor com- 
pared with cotton 

Good thermal conductivity 

Can be applied to fine wire 

Strongly retains silicone 
impregnants after baking 

Can be baked at high 
temperatures 


Disadvantageous 
characteristics 


Poor coverage on bends 
Poor space factor 

Low dielectric strength 
Poor moisture resistance 
Ravels easily at cut ends 
Limited thermal stability 


Poor moisture resistance 

Poor abrasion resistance 
compared with cotton 

Poor flexibility on bends 

Poor space factor compared 
with enamels 

Limited thermal stability 


Poor moisture resistance 
Poor coverage on bends 
Low dielectric strength 
Ravels easily at cut ends 
Limited thermal stability 
Relatively expensive 


Poor moisture resistance 
Poor coverage on bends 
Low dielectric strength 
Ravels easily at cut ends 
Limited thermal stability 
Relatively expensive 


Fair abrasion resistance 

Opens on sharp bends 

Fair dielectric strength 
depending on spacing 

Must be wound without 
twisting and under low 
tensions 

Frays on wire when abraded, 
especially rectangular wire 


Fair abrasion resistance 

Opens on sharp bends 

Fair dielectric strength 

Must be wound without 
twisting and at low 
tension 

Frays on wire when abraded, 
especially rectangular wire 


Glass-Dacron with organic bond 


Glass fibers give ultimate 
reliability against cut 
through 

Good abrasion resistance 

Applicable for 130 C use 

Does not fray on abrading, 
even edge of rectangular 
wire 


Fair dielectric strength 
Must be wound without 
twisting 





of Fiber Insulated Wire 


Advantageous 
characteristics 


Disadvantageous 
characteristics 


Glass-Dacron with organic bond (Cont.) 


ood space factor com- 
pared with cotton 

Better flexibility and cov- 
erage on sharp bends 
than all-glass 

Good thermal conductivity 

Can be applied to fine wire 

Strongly retains 
impregnants 

Better adherence 


Glass-Dacron with silicone bond 


Glass fibers insure 
reliability 

Good abrasion resistance 

Good adherence 

For approximately 
180 C use 

Good space factor com- 
pared with cotton 

Good flexibility and 
coverage on bends 

Good thermal conductivity 

Can be applied to fine wire 

Does not fray on abrading 
or cutting 

Strongly retains 
impregnants 


Paper and cotton 


Excellent abrasion 
resistance 

Long use 

Good dielectric strength 
in oil or when well 
impregnated 

Good chemical resistance 

Low cost 


Asbestos with organic 


For classes 130 and 150 C 
depending on apparatus 

Good dielectric strength 

Fair flexibility 

Good chemical resistance 

Remains after bond has 
disintegrated 


Fair dielectric strength 
Must be wound without 
twisting 


Poor moisture resistance 
Poor space factor 

Fair flexibility on bends 
Limited thermal stability 
Ravels easily at cut ends 


bond 


Poor abrasion resistance 

Fair moisture resistance 

Fair space factor 

Not easily impregnated 
completely 


Asbestos, glass reinforced plus glass cover 


with organic bond 


Good abrasion resistance 

Better space factor 

Better flexibility 

For classes 130 and 150 C 
use depending on 
apparatus 

Excellent chemical 
resistance 

Excellent reliability 
against repeated 
overloads 

Good dielectric strength 

Suitable for rectangular 
wire applications 


Asbestos with silicone 


For classes 180 and 220 C 
use depending on 
apparatus 

Good dielectric strength 

Fair flexibility 

(ood chemical resistance 

Remains after bond has 
disintegrated 


Fair moisture resistance 
Not easily impregnated 
‘ ompletely 


bond 


Poor abrasion resistance 

Fair moisture resistance 

Fair space factor 

Not easily impregnated 
completely 


Asbestos, glass reinforced plus glass cover 


with silicone bond 
Good abrasion resistance 
Good space factor 

Good flexibility 


Fair moisture resistance 
Not easily impregnated 


Continued 


ing the change in insulation resistance or conduction 
current with aging time on fiber-insulated magnet wire. 
[he bond and varnish has been found to be semi-conduct- 
ing at the time of initial cracking sufficient to allow turn- 
to-turn failure under adverse conditions such as con- 
ducting particle contamination and the presence of surge 
voltages. Thus, initial cracking can be the manifestation 
of the end of minimum life. The conduction current-time 
curves for a layer test sample of glass wire with varnish, 
at each temperature, become V-type. The rising right- 
hand part ol the curve is the result of increase d conduc- 
tion due to carbonization of the bond. When 


level of conduction was chosen. for all temperatures, and 


a single 


ill wires (cotton. class B glass. 
H glass 


j Lis 
plotted as reasonably straight 


Dacron-glass. and class 


consistent data were obtained which could be 


semi-log graph 
paper. When extrapolated to th 15.000 hr, 


the data cave the tem pe ratures sh 


The maximum life of glass fiber 


onditior would be quite 


insulation be 


nsulation \ 


elass 


“nearly” above pertains t 


] Carboniza r | 


varnishes. 


Vo sfure wetability 
quality to glass. wh 


teriorated states are 


In any case, with little 
ind expansion forces and no 
glass fiber insulation sh 


f times 


Corona Attack Problems 
Corona attack is most evid n organic films where 
premature failure can occur i hort times. The 


introduction of inorgan 


as @idass. asbes- 


tos and mica, prolongs the degrees. How- 


ever, bonds and varnishes erated, 


eaving only the inorganic components which may easily 
‘ Co I 


oeradually disinte 


i al 


be dislodged by expansion and vibration forces and are 


subject to contamination by mé¢ dirt. et 


yisture. { 


Corona can be reduced by more complete consolidation 
of insulation, especially that close to the conductors. This 
si 


potting of windings and to some extent 


Ss done in in 


materials as stvrene- 


icuum impregnation with sucl 
polyester compounds. 
Mica is often used in high tage windir 


s. Maenet 


| | 1 } 
wire. thus produc ed. has a film- ¢ r | iss-tape-backed mica 


ic ica 


wrapping which is, subseque 
bonded to the conductor | 


bonds. 


firmly ind ompiletelvy 


sill one-tv pe 


There has been considerab activity the field 


gaseous coolants and diele: onjunction with dry- 
type transformers using glass, asbestos. and silic 

on magnet wire. The prelir 

sibility of much highe1 


inert gases. (0) 


Uses of Fiber-Insulated Magnet Wire 


The natural fiber-covered magnet wire group. especially 
cotton and paper. has been used extensively in trans- 
formers. motors. and generators where thermal considera- 
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tions are not more than class 105 C offers. Paper and 
oil combinations have formed the magnet wire insula- 
tion of the bulk of the power translormers lor years. 
Paper possesses a unique dielectric barrier action in oil 
not matched by other fiber insulations and only  sur- 
passed by enamels on an equal thickness basis. But. 
paper can be built up to multiple lavers, giving reliably 
high turn-to-turn voltage strength. as well as high im- 
pulse strength in oil. This is urgently needed in laree 


high-voltage oil-cooled transformers. 


At lower voltages. papel and cotton have teamed up to 


vive low-cost windings for motors and generators. Here 
a varnish impregnant is necessary to give the LO5 C class 
stability. 


Cotton and paper. either singly or in conjunction. are 
used over enamels and films, such as Formvar. The com 
bination may be used where additional properties ar 
desired beyond which either one alone could give. For 
example, a plain enameled wire could be wound under 
severe winding. conditions only if it is covered with cot- 
ton. Again it is seen that single paper over single Form- 
var has the same space factor as single cotton, but has 
much greater breakdown strength and moisture protec 
tion than the latter. 


Phe synthetic organic fiber group has met with varied 
uses. Nylon fiber has now almost completely replaced 
silk for fine wire covering for delicate but extremely 
reliable windings such as in meters and some communica- 
tion coil applications. Nylon fiber over enamel is also 
used to some extent in these applications. 

Rayon can also be used in place of silk but has not 
been used to any great extent in this country. 

The new fibers Dacron and Orlon are available for 
higher temperature applications of the kind mentioned 
for nylon, but have not been used greatly in this respect. 
Dacron has been used over asbestos to add abrasion 
resistance to a class 130 C rectangular wire type. for 
transformer applications 

The most important use of Dacron has been in con- 
junction with glass fibers for improvement in abrasion 
resistance. flexibility. and adherence. Dacron is applied 
as part of the glass fiber yarn to the wire. Glass-Dacron 
wires can be bonded with an organic varnish or with a 
silicone varnish. Tests have not been completed to show 
whether the silicone tvpe of glass-Dacron magnet wire 
can be used at class 180 C temperatures. It certainly 
would not be practicable for 200 C or 220 C use. It 
would seem that the best place for glass-Dacron might 
be on rectangular wire where abrasion problems are 
most acute. In certain abrasion tests run on rectangular 
wires where edges were scraped. the all-glass insulation 
fluffed to a feather-like condition while elass-Dacron 
insulation remained on the wire. 

Inorganic fibers are used wherever greater heat sta- 
bility is needed. In fact. the large volume product ot 
class 130 C has been glass fibers plus an organic bond. 
This insulation is applied to round wire in sizes from 
No. 36 AWG to the largest round wire produced. It is 
also available in a large variety of rectangular sizes. 
In applications requiring greater moisture and greater 
turn-to-turn dielectric strength. enamels are applied over 
the copper prior to the glass fiber insulating process. 
Glass over Formvar has become a particularly popular 
combination which offers class 130 C stability. 
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Table Ill (Continued) 


Advantageous 


Disadvantageous 
characteristics 


characteristics 


Asbestos, glass reinforced plus glass cover with 
silicone bond (Cont.) 


For classes 180 and 220 C 
use depending on 
apparatus 

Good chemical resistance 

Excellent reliability 
against repeated 
overload 

Good dielectric strength 

Suitable for rectangular 
wire applications 


Cotton over enamel 


Excellent abrasion 
resistance Fair flexibility 
Very good dielectric Poor space factor 
strength Ravels easily at cut ends 
Can be used in mineral 
oil or chlorinated 
askarel 
Low cost 
Long use 
Reliable in resistance to 
cut through 


Limited thermal stability 


Paper over enamel 


Excellent dielectric Poor abrasion resistance 
strength compared with cotton 

Can be used in mineral Limited thermal stability 
oil and askarel 

Long satisfactory use 

Relatively good space 
factor 

Reliable in short circuits 

Low cost 


Glass over Formvar 


Reliable in overloaded Fair abrasion resistance 
conditions Must be wound without 
For class 130 C use twisting 
Good space factor Frays when abraded 
Good moisture and 
chemical resistance 
Applied to fine wire 
Excellent dielectric 
strength 


Glass over enamel 


Limited thermal stability 

Fair abrasion resistance 

Frays when cut 
longitudinally 


Reliable when overloaded 

Good space factor 

Moisture barrier 

Very good dielectric 
strength 


Advantages and Disadvantages of 
Fiber-Insulated Magnet Wire 


Fiber insulation. especially the cellulosic and inorgani 


types. generally offer greater protection against cut- 
through than comparable enameled wires. Some types o! 
synthetic fibers. however. can be melted and are, there- 
fore. no better than enamels in this respect. Also. in 
general, fiber types are not as good in dielectric strength. 
moisture resistance. and space factor as enameled wires. 
Certain types. notably cotton, have great resistance to 
winding and form abuse and are often used over enamels 


to add abrasion resistance. 


Cotton has a great affinity for water and when wet. 


becomes a very poor insulation for magnet wire. This 
is true also for paper. unless dried and oil-impregnated. 
Some fibers do not themselves absorb moisture, but are 
surface-wet by it and thus become components of a 
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Advantageous 


Disadvantageous 
characteristics 


characteristics 


Nylon over enamel 


Good space factor 

Reliability at low 
temperatures 

Good abrasion resistance 

Good chemical resistance 

Moisture barrier 

Can be applied to fine wire 

Good dielectric strength 


Limited temperature 
stability 

Ravels easily at cut ends 

Relatively expensive 


Silk over enamel 


Good space factor 

Reliable at moderate 
temperatures 

Good abrasion resistance 

Good chemical resistance 

Can be applied to fine wire 

Moisture barrier 

Good dielectric strength 


Limited temperature 
stability 

Ravels easily at cut ends 

Expensive 


Asbestos over Formvar 


For class 130 C use 

Excellent dielectri 
strength 

Fair flexibility 

Good chemical resistance 

Reliability under adverse 
conditions 

Moisture barrier 


Poor abrasion resistance 
Fair space factor 


Paper over Formvar 


Excellent dielectric 
strength 

Good space factor 

Reliability under surge 
and short circuit 
conditions 

Good for rectangular wire 
for oil-filled transformers 

Good moisture barrier 


Fair abrasion resistance 
Limited thermal stability 


Asbestos over enamel 


Good dielectric strength 

Fair flexibility 

Good chemical resistance 

Moisture barrier 

Reliability under adverse 
conditions 


Limited thermal stability 
Poor abrasion resistance 
Fair space factor 


Cotton over Formvar 


Excellent abrasion 
resistance 

Moisture barrier 

Good chemical resistance 

Good dielectric strength 

Reliability on overloads 


Flexibility 


Poor space factor 
Ravels easily at cut ends 
Limited thermal stability 


“moisture bridge” through the insulation wall. 

Although glass fiber wires are superior to cotton in 
space factor. they are not as good as enameled wire ir 
this respect. Designers, hard pressed for space in a small 
design, often demand better space factor than fiber- 
insulated wire can give. The alternatives may be either 
higher temperature fiber-covered wire (therefore smaller 
wire size) or high temperature enameled wire. 

Dielectric strength deficiency is not usually a serious 
factor in magnet wire applications where turn-to-turn 
voltages are quite low. Thus. fiber-insulated wire is very 
useful even with relatively low dielectric strength. But 
in motors and electrical devices subject to high transient 
voltages and in large dry-tvype transformers with high 
turn voltages, better dielectric strength is needed than is 
obtainable with some types of fibrous insulation. In such 


applications. asbestos has replaced part of the glass fibers 
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in transformer and triple-and quadruple-enamel thick- 
nesses are often used in motors. 

At present, commercially available fibrous types out 
run enameled types in thermal stability, although experi- 
mental enameled wires have been made for 250 C. Glass 
fibers are chemicaliy inert and have no water of crystal- 
lization. They have the tensile strength of steel and ca 
be of extremely fine filament diameters. The thermal cor 
ductivity of glass fibers is higher than that for all other 
This advantage is 


magnet wire insulations. 


not tully 


realized in coils. since the interstices are rarely com- 
pletely filled with varnist nd md does not ft 
penetrate to the copper in the wire i Neverthel 


elass insulated magnet wir 


Ai} 


many othe ty pes. and 


tion techniques Involving \V mpregnation., 


olls can made to ope excellent eth 


: : ; 
(his could mean a higher rating 
or a smatier coil to do a giver 


Asbestos has. in the past. 


t 


0 drving and 


moisture resistance, requiring a thorough 


pregnation 


procedure for use in electrical devices 


Recently. asbestos has been refined and chemical 


treated so that, in certain tvpes. it is relatively moisture 


resistant. Many high temperature applications (especially 


where turn-to-turn voltages are hig 


h as in larger drv- 
type transformers) make good use of the slightly greatel 
dielectric 


barrier action of the denser asbestos as com- 
pared to glass. Thus, asbestos is used with glass fibers 
to give total advantages not all present with either one 
alone. The temperature rating for asbestos depends on 
the bond used. With organic bond. the rating is for class 
130 € or 150 C. 


180 C or better. 


while with silicone bond. the rating is 
Plastics taped magnet wire. using cellophane, cellulos 
acetate. and Mylar film offers a set of properties midway 
those of fibe r-covered film-« oated 
These are dielectric strengt! de 


hetween types and 


medium high 


wires. 
pending on the amount of lap. partial moisture barrier 
iction. better abrasion resistance than some enamels but 
not as tough as cotton. The deficiencies are mainly in 
flexibility and poor coverage on bends. limitations on 
sizes. relatively poor space factor. and poor impregna- 
tion possibilities. Both cellophane and cellulose acetate 
are seriously embrittled by aging in air. Cracks in taped 
film insulation may result in large areas of exposed bare 
wire and certain rapid failure. Plastics tapes can also 
be used with enamels and resin films. 

Advantages and disadvantages of fiber-covered magnet 
wire and related types are recapitulated in Table III. 

A check list of manufacturing sources and their trade 
or brand names appears in Table IV. Standards appli- 
cable to fiber-insulated magnet wire are in Table V. 


Summary 


Fiber-covered magnet wire antedates the electrical 
power revolution by as much as 40 years. The original 
magnet wire, used by Henry. was a silk covered copper 
wire. Silk insulation. however. once in much demand, 
has given way to nylon fiber. Cotton, a nearly universal 
magnet wire covering at the beginning of the electrical 
industry. has now been largely replaced by enameled wire 
and by modern fibrous insulations: glass, asbestos. and 
Dacron. These materials have raised the temperature 
limit for fiber-insulated magnet wire from 25 to 115 C 
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depending on the fiber used, the bond employed, and 
the electrical apparatus. 

It can truly be said that approximately 20 years ago 
fiber glass opened up the possibilities of higher tempera- 


ture classes of magnet wire. This was especially so when 


strength, asbestos has been used for part or all of the 
glass in silicone-impregnated class 180-220 C magnet wire 
systems. Asbestos has been improved to the point of 
being a first choice in some dry-type transformer magnet 
wire constructions. 


silicones came along. allowing a class H system consisting 


silicone-im- Acknowledgment 


of glass-served silicone-bonded magnet wire. 
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a silicone impregnating varnish. For this type of system, 
AIEE created class H. which has as its hottest spot 180 
C. With heat stable bor 


has been used lor class 


Engineering laboratories, 


1 
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article in 


ds and impregnants, glass this 
130 C operation, extensively. The ment. 
in ATE] 


bond as 


transforme! have recently considered 


150 C 


cood for class 220 oa 
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Table 1V—Manufacturers, Types, and Trade Identification of Fiber-Insulated Magnet Wire 


Enamel 
+nylon 
yarn 


Asbestos 
varnish- 
treated 


Glass + 
Dacron 
yarn* 


Enamel 
-+paper- 
covered 


Enamel 
+ silk 


Enamel 


Magnet Wire Manufacturer +cotton 


Acme Wire Company Cottonite | Nylon Paperite Silkenite Daglas 


De 
| Paper 


Anaconda Wire & Cable Company Cotton \Vitrotex & 


Silotex 
Dacron 


The Electrie Auto-Lite Company Cotton Glass- 


Dacron 


Paper 


Belden Manufacturing Company Cotton Paper Silkenamel 


Cotenamel 


Nyltex- 
enamel 


Essex Wire Company 


Cotton Paper 


Enamel 


| Nylon- 
enamel 


Paper- 
enamel 


General Cable Company 


General Electric Company Deltabeston 


Hudson Wire Company (Winsted Div. Cotton 


Kennecott Wire & Cable Company Cotton 


Phelps Dodge Company Cotton 


| Paper 


Various textile-type magnet wires) 


Rea Magnet Wire Company 


Rockbestos Products Corporation 


Various textile-type magnet wires) 


J. A. Roebling’s Sons Company Daglas 


Cotton 
(cotton- 
paper) 


Rome Cable Corporation Glass- 


Dacron 


nn nnn 


Editors’ Note: This list has been compiled from several industry sources, 
primarily from the Trade Name Index in the “Directory of Magnet Wire 
‘Types and Trade Names,” issued by the Essex Wire Corporation, Fort Wayne, 
Indiana and “Enamel & Magnet Wires,” published by the General Cable 


Corporation, New York 17, N. Y. Every effort has been made to achieve 
accuracy and completeness; however with so many types, classifications and 
proprietary names some inadvertent omissions are always possible. If any are 
found, the Editors would be glad to have them called to their attention 
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2. “Motor Tests Evaluate Thermal Endurance of Class H Insu- 
lation and Silicone Varnish,” G. Grant, et al., AJEE Transa: 


Table V—Principal Standards Applying to 














tions, Vol. 68, pp. 1133-1138, 1949 Fiber-Insulated Magnet Wire 
3. “Proposed Test Code for Functional Temperature Endurance 
ests of Ventilated Dry-Type Power and Distribution Trans 1. NEMA has issued a number of specifications for fiber- 
formers AIEE Committee Report,’ AIEE Transactions, Vol insulated wire. Other standards are also ir. the process 
74, Part 3, Power Applications and Systems pp. 971-977, 1955 of being written. The specifications in various stages of 
4. “Test Procedure for Thermal Evaluation of Ventilated Dry-Type completion are given in the following list: 
Power and Distribution Transfc rmers,” AIEE No. 65, 1956 MW-11—Cotton-Covered Round 
5. “Dry Determination of Thermal Stability of Fibrous Insulated is 7 
Magnet Wire,” W. W. Pendleton, AIEE Conference Paper Ni MW-12—Cotton-Covered Rectangular and Square 
57-342. 1957 Copper 


6. “Bibliography on Gaseous Dielectric Phenomena,” Gauster MW-21—Silk-Covered Round 
Lias, Manning, Plump, AIEE S 97, 1957 ; ; 
MW-22—Nylon Fiber-Covered Round 


MW-31—Single Paper-Covered Round 









MW-32—Rectangular and Square Double Paper Sin- 
No. 707 , Jon t gle Cotton-Covered 


MW-33—Paper-Covered Rectangular and Square 
Copper (One Paper *%4 lap or 4 Intercalated 
Papers) 







MW- 





4] 


Glass Covered Round 








MW-42—Single and Double Glass-Covered Rectangu- 
lar and Square Copper 






MW-43—Rectangular and Square Silicone-Bonded 




















Glass + Glass-Covered 
Glass+ | silicone | Glass, | Dacron+| Mylar s te 
Quin- impreg- | varnish- | Quin- Quin- MW-44—Silicone Bonded Glass-Covered Round 


h j 
terra nation treated awa wre MW-45—Dacron Glass-Covered Round 


Heatex MW-46—Rectangular and Square Dacron Glass-Cov- 
ered 
Silotex Vitrotex The NEMA proposed specifications are reviewed by 


special groups in the Association before being sent to 
the American Standards Association for approval. 






2. The AIEE has issued only the Standard No. 65, for dry- 
type transformer model test procedure, for fiber-insu- 
lated wire thermal stability. The AIEE No. 510 test 
procedure may be used for testing insulation systems 
incorporating fiber-insulated wire. However, it has been 
found difficult to determine end points for the system 
when using this type of wire. 


Fiber 
glass 
Silicone- Fiber 
glass class 
—— 3. ASA has issued the following standards on fiber-insu- 
— lated wire: 
glass 









ASA C 9.2—1953 Cotton-Covered Round 


ASA C 9.3 





1953 Silk-Covered Round 


ASA C 9.4—1953 Nylon Fiber-Covered Round 
















Glas- Glass, Fiber Q-D 
terra silicone glass 


OO 
zz 


4.IEC (International Electrotechnical Commission) is 

watching with interest the issuance of all test proce- 

oe 7 dures for the thermal stability of magnet wire, enam- 
eled and fiber-insulated. 


.ASESA (The Armed Services Electro-Standards Agen- 
cy) has issued the following specifications, which apply 
to fiber insulated wire and associated fiber insulation: 


MIL-W-583 A—Wire, Magnet, Electrical 
MIL-W-16072 
Glass, Glass 


silicone MIL-I-1140 —Insulation, Electrical, Glass-Fiber, Un- 
treated 


Roeglas Roetemp 









Wire, Magnet, High Temperature 



















MIL-C-572 —Cords, Yarns, and Monofilaments— 
* Dacron is DuPont's polyester yarn. Organic Synthetic Fiber 


Quinterra is Johns Manville’s ee like asbestos insulation cs é 4 
* Mylar is DuPont's polyester film MIL-G-1140 —Glass Fiber: Yarn, Cordage, Sleeving, 
Cloth, and Tape 


MIL-I-3042 —Insulation, Electrical Cotton-Fiber, 
Untreated 


MIL -I-3053 —Insulation, Electrical, Asbestos-Fiber, 
Treated and Untreated 
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Input Simulation 
for 
Servo 
Test Accuracy 


{ precise input for testing of servo systems 
may be synthesized using a resistance network 
and a suitable null-detection indicator. The 
combination of an ultra-precision mechanical 
dividing head and a close-to-perfect synchro 
or resolver is thus simulated by a passive net- 
work. which may also be used for gyro plat- 


form and servo angular position checking. 


STANLEY HANDELMAN 
THETA INSTRUMENT CORPORATION 
East Paterson, N. J. 


[HE INPUT TO A SERVO that employs a synchro control 
transformer (CT) as the error-measuring means is nor- 
mally a synchro control or control differential trans- 
mitter (CX or CDX). Either of these provides the signal 
input to the servo through its three leads. The electrical 
information in this signal is the unique analog of the 
CX or CDX rotor mechanical angle. In order to perform 
significant tests of the steady-state positional error of 
the servo and of its response to an input step function, 
the magnitude of the electrical error transmitted by the 
servo input device should be no more than 10 per cent 
of the total error allowable to the servo. 

The obvious way to provide the desired prec ise system 
input is to use an extremely accurate control! transmitter 
synchro mounted in an angular divider of equally high 
accuracy. The limit of precision of such an input sys- 
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Synchro test set 
resistance 
networks, null detector, phase-shift 
generator and input control transmit- 


incorporating simulating 


ter synchro. with necesary switches 


ind controls. 


tem is generally in the order of one minute and the 
system is characterized by certain inherent disadvantages. 
\ complete position test with a system of this des¢ rip- 
tion involves the repeated setting and meticulous reading 
of the divider. and the accuracy stability of the input 
synchro is always open to question so that periodic cali- 
brations may be required for reliable system tests. 

Since it is only the electrical information from. the 
control transmitter input synchro that is seen by the 
servo system under test, it is possible to produce the 
vector voltage sum which constitutes this signal by a 
circuit simulating the input synchro. In Fig. 1. a delta- 
connected resistance network is designated as the “synchro 
bridge”. This consists of precision resistances, in which 
are designated in 
in 5-deg steps. In effect. the 
voltage output from the synchro control transmitter 
(CX) is monitored by the resistive synchro bridge at 
any particular angular setting of the synchro and the 
corresponding setting of the tap-swite h on the synchro 
bridge network. 


one leg carries a series of taps that 
terms of mechanical angle. 








Input control transmitter 








a 


00 


» 


Amplifier and 


controller a. 
Fig. 1—Svynchro bridge re-i-tance delta in servo-te-ting circuit 
Ideally. in Fig. 1. the three wires from the input 
svnchro (CN) to the system control transformer svnchro 
Cl) earry voltages that conform to the equations: 
} =] 
ko sin ( 2 
/ in (9 as 
where 
axlr vncl ty t tay 
nel tor mie mucal angle. d 
With tl nput s chro ( X rotor positioned to an 
cle 6, the s I electrical error may be described by 


( 
E sin (6 120 
I. sin (6 240 


l 


\ngle d is the electrical error of the input synchro 
analog ot the 


synchro mechanical angle and its electrical output signal. 


and represents the departure from exact 


Error d is a function of the synchro rotor angle 6 but 
is complex and undefined. being a composite of errors 
from various sources in the svnchro. 

With the resistance network simulation technique, the 


voltage ““measured” 


output from the input synchro is 
against the precision resistance legs of the synchro bridge. 
The output of the bridge, between the tap t and the point 
p. provides electrical information to reposition the syn- 
chro shaft to an angle (4—d), which produces the syn- 


chro outputs: 


é I. sin 0 
a EB sin (6 120 
é Kk sin (6 240°) 


The servo thus receives a signal corresponding to the 
angle 6 even though the (CX) synchro rotor is at the 
angle (@—d). 

The synchro bridge, Fig. 2, is basically a delta-con- 
nected resistance network. By Kirchhoff’s Law, the sum 
of the voltages about the delta must be zero, and there 
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System control transformer (CT) 





Fig. 2—Synchro bridge resistance delta with tap 


switch for 5-deg steps of angle simulation. 


consequently must be pairs of equipotential points in the 
loop. As one point, an apex p is selected. On the arm 
opposite this apex, taps are brought out which are at 
potential values equal to that of the apex p for selected 
discrete rotor angles in a perfect synchro. 

For example. to simulate the output of an ideai syn- 
chro transmitter at 35 deg. the synchro bridge dial is 
and the CX shaft is 
rotated until the bridge output indicates a null. In order 


to properly read the output from the bridge. 


set at a tap designated as 35 deg 


it is neces- 
sary to isolate the in-phase component of the output 
signal. This may be achieved by the use of any of a 
variety of commercially available phase-sensitive detec- 
tors employing choppers or diode demodulation stages. 
Instead of a null indicator on the output of the bridge. 


as indicated in Fig. 1. and manual adjustment of the 


Tr j 7 } 
Continued on page 117) 
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Electrically Conductive Chromate 
Surface Conversion Coatings 


Table I—Types of Coatings for Some Common 
Metals 





Cadm- Copper | 
Alum- | Mag- jiumand| and 

Coating types | inum | nesium| Zine | Brass | Silver 

Clear, with 

simultaneous 

chemical 


polishing x x xX 

Clear, with no 

brightening 4 X X X 
Iridescent yel- 

low to bronze x xX X X 

Light to dark 

brown x X x 

Olive drab xX 


Von-porous anti-corrosion metal finishes 
with good structural strength. electrical 
conductivity, and excellent adhesive prop- 
erties minimize economics and design 


problems. 


R. STRICKLEN, Product Director 
Actiep Researcu Propucts, Inc. 
Saltimore, Maryland 


Table Il—Increase of D-C Resistance on Silver Plate Due to Chromate Coating 





Silver-plated steel 


Resistance, Average 
Panel No. Finish microhms resistance 
402 Iridite +18-P 390 
403 - 372 
404 “ 402 
405 - 370 
406 ” 394 
407 ” 406 389 
415 Untreated silver 346 
416 ” 346 
401 - 394 362 
Increase 27 





® Chromated panels were treated as follows 
1. “Silver-Lume”’ bright silver plate 
2. Cold rinse 

3. Nitric acid, % per cent, 10 sec 

4. Cold rinse. 


b Resistance readings are with Kelvin Bridge at 10 amp d-c 15 in. lb torque 
on screw clampemounted contacts. Readings made 2 hr after treatment 
° Chromate surface conversion coating by Allied Research, Products, Inc 


Silver-plated brass 


Resistance, Average 

Panel No. Finish microhms' resistance 

408 lridite -18-P 336 

409 “ 352 

410 “ 346 

411 “ 328 

412 . 356 

413 - 368 

414 t 368 350 

417 Untreated silver 306° 

418 “ 306° 306 

Increase - 44 


5. Iridite No. 18-P, 1-5 oz/gal, 1 min. 
6. Cold rinse and dry 





THE CORROSION INHIBITING PROPERTIES of chromic acid 
solutions and their salts on metals have been known 
for many years in cooling systems and similar appli- 
cations. These valuable properties became available to 
industry as dry films for metal surfaces about 15 years 
ago, with the general designation of “chromate surface 
conversion coatings.” 


‘ 
Oa 


ings are of great interest to the electrical engineer. The 


The structure and electrical properties of these « 


coatings consist of precipitated compounds of trivalent 
chromium in the form of a gel. In this amorphous 
mixture of metal oxides are varying amounts of entrapped 
hexavalent chromium compounds and a small amount of 
water which remains after the surface is dry. Of main 
interest to the electrical field is the very slight rise in 
electrical resistance of these coatings above that of the 
clean bare metal. Consequently. coatings of medium and 
light weight, under 0.O0001 in. thick. offer little inter- 
ference with electrical contact. The coating is not porous 
and has good adhesion. It is integral with the metal and is 
often. as in the case of aluminum. as flexible as the metal 
itself. 

The combination of good corrosion protection, low 
electrical resistance and good adhesion began to find 
wide application with aluminum parts in electronics 
ibout 7 years ago when Iridite No. 14. the first chro 
mate surface conversion treatment for aluminum, was 
introduced. Prior to this the use of aluminum in the 
electronics industry had been limited because the avail- 
able protective coatings, consisting of anodic films, 
oxides formed in alkaline baths and modified phos- 
phates introduced a factor of considerably high elec- 
trical resistance. Since it was necessary to remove these 
high resistance coatings in order to make electrical con- 
tact with aluminum surfaces. thereby sacrificing corro- 


sion protection, a compatible process had to be developed. 
Chromate conversion coatings made this sacrifice of pro- 
tectlon unnecessary. 

The coatings are generally applied by immersing 
clean metal parts in an acid chromate solution for a 
short time. followed by rinsing and drying. Other 
methods of application, such as brushing and spraying. 
are also used. The treating baths are generally made 
from proprietary chemicals which are formulated for 
the metal being treated, the type of coating desired. 
and the method of application. Parts may be handled 
individually, or in bulk, using simple equipment. Usu- 
ally, no special ventilating equipment is necessary. Table 
| shows types of coatings available for some common 
metals. 

These coatings. ranging from clear through irides- 
cent yellow, are those most generally used on electrical 
equipment. In the case of magnesium, one of the newer 
brown coatings has been found useful because of a 
relatively lower electrical contact resistance. 

Tables II and III show typical comparisons of d-c 
resistance measurements on treated and untreated silver. 











Fig. 1—Cireuit breaker by General Electric Company. 


Fig. 2—Parts for circuit breaker in Fig. 1. Zine-plated steel 
with Iridite chromate-conversion coating. 


zinc, and cadmium. Of particular interest is the small 
rise in resistance on chromated panels. Work on alumi- 
num has been reported earlier in ELECTRICAL MANv- 
FACTURING. (1)* A comparsion of some finishes for these initial resistances are not increased by corrosive 
aluminum is shown in Table IV attack. The foregoing applies to radio frequencies as 
Since test requirements are so widely varied there well as to direct current. 
has been little standardization of methods. The most Where the 
significant point shown to date is that while freshly 
cleaned metal surfaces provide the lowest initial con- 
tact resistance, atmospheric attack on non-chromated 
surfaces can at times open a circuit completely due to 


conditions. chromate coatings may introduce resistances 
up to a few hundred microhms per square inch of 
surface at the start, but their protection is such that 


design of an assembly necessitates con- 
tact between dissimilar metals, there is some danger of 
valvanic corrosion of the anodic metal if an electrolyte 
such as condensed moisture is present. If both metals 
can be treated with a chromate coating. the galvani 


surface oxidation or corrosion. However. under the same attack mav often be reduced to a negligible value. (2) 


Aluminum parts have been assembled in production 


Table ll—Comparisons of D-C Resistance Measurements on Treated and Untreated Zinc and Cadmium 


Zine plate 0.0005 in. Cadmium plate 0. 0005 in 


Salt Resistance* 


Resistance* 
spray ohms/0. 7854 in.? @ 10 Ib pressure ohms/0. 7854 in 10 Ib pressure 
Panel Drying exposure Area 


No method hrs attacked 


Average Average 


0 


0 
100K 


100K 


1-5 dilution, 85 F, 10 sec Air blast 
Bleached 5 sec in 2 per 160 F for 
ent NaOH 20 min 

160 F for Edges 
Clear bright finish 20 min V.S 1 center 


Edges only ).0 ( 20-30 pin pts 


Very light 


genera 


dite 48P Air blast 
‘B” solution, & , 8 8 Air biast 
Iridescent yellow finish 160 F for 
20 min 

160 F for 

20 min 


Air blast 
Ar blast 
160 F for 
20 min 
160 F for 
20 min 


Table 1V—Finishes for Aluminum Electrical Components * 


Contact resistance Type of exposure Suitability for subsequent operations 


as after Shielded arc 
treated exposure Humidity Marine Industrial 


Fretting or arcing Soldering Brazing welding 


Bare aluminum (cleaned 50-500 Insulater No No 
only, or with frosted or microhms 
etched surface per in? 


Poor Pitting 


Class A \ ox 
protection protection protection 


Class B 


Chromate surface conver- 100-3000 100-3000 Excellent Excellent 
sisn coating (clear, yellow, microhms microhms | protection 
or dyed per in? per in 


Fair Pitting occurs, but bare Excellent | Class A NG 
protection protection areas are protected by the Class B OK 


adjacent coating. 


Anodized insulator Insulator Excellent Good Fair 


* Fretting resistance good 
protection protection protection 


Arcing depends on voltage. 
No self-healing action. 


Painted Insulator Insulator Fair Fair Fair 
protection protection protection 
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Table V—Typical Applications of Chromate Conversion Coatings 





Product group Application Type of chromate | Properties obtained 


Home washing Die-cast zinc pump parts Olive drab Resists corrosion by soaps and synthetic detergents. 
machines 


Zinc-plated steel brackets Iridescent yellow Resists attack by humid atmosphere. 











Vacuum cleaners Zinc-plated steel tubes Clear bright Chemical polishing of zine plate, and tarnish resistance. 








Refrigerators and 
air conditioners 


Aluminum evaporator coiis Iridescent yellow Resists atmospheric attack. Reduces galvanic corro- 
sion at dissimilar metal junctions. Emissivity of the 
coating is several times that of bare aluminum and 
the efficiency of the coil is thereby increased. Coat- 
ing is thin enough to eliminate the heat insulation 


effect present in paint or anodic films. 








Zinc-plated wire trays 





Clear bright Chemical polishing and passivation of zinc, with good 


bond for abrasion-resistant clear organic coatings. 





Motors and gen- 
erators 





Magnesium frames Corrosion protection and base for paint. 








Fittings for wiring Zinc- and cadmium-plated Clear Tarnish-resistant surface which does not interfere with 
steel junction boxes, con- ground connections. 
nectors, etc. 




















Zinc- and cadmium-plated Iridescent yellow Protective surface with color code for grounding con- 
terminals plus green dye nections. 
Aluminum junction boxes Iridescent yellow 


Protection from atmospheric attack and salt spray. No 
and cable connectors 


interference with ground connections. 






















Die-cast zine cable con- Olive drab 


nectors 


Corrosion protection. 












Transformers and Copper and brass terminals Clear Tarnish resistance. Solderability of parts in storage is 
switchgear and contacts maintained. 













Zinc- or cadmium-plated Clear or iridescent Long shelf life and protection from humid atmosphere. 
steel hardware yellow Formation of corrosion products which would inter- 
fere with mechanical operation is minimized. 






Automotive and Misc. zinc- and cadmium- Olive drab and Extended corrosion protection and paint bond. 






aircraft electri- plated steel, and alumin- iridescent yel- 
cal systems um parts low 






Electronics Aluminum chassis, shields, Iridescent yellow Protects against corrosion and permits grounding and 
components cable connectors, etc. shielding connections. Minimizes r-f noise inter- 
ference. 












Aluminum wave guides 





Iridescent yellow 





Protection obtained while attenuation remains within 
specifications for clean bare aluminum. 

Zinc- and cadmium-plated | Clear Protection with low contact resistance. 

steel chassis and fittings 










Magnesium chassis, wave Brown 


guides, etc. 


Same as for aluminum. 










Copper and silver Clear Maintains solderability and tarnish resistance. 










Spot welding Copper alloy tips Bright clear Chemical polishing and tarnish resistance. 


equipment 
Meters and con- Die-cast zinc frames and Bright clear Chemical polishing and corrosion protection. 
trols misc. parts 













Aluminum bezels, dial Iridescent yellow Paint bond and corrosion protection. Low electrical 
plates, frames, housings, or clear resistance. 
and sockets 












Cadmium and zinc plate Iridescent yellow Protection with low electrical resistance. 


or clear 


Electronic photo- Silver contacts for flash Clear Tarnish protection with low contact resistance. 
graphic equip- guns 
ment 


Fig. 3—Parts and assembly for Edwards Company fire 
alarm indicator panel. Chromate-conversion-coated zinc- 
plated steel. 


alter shielded-ar¢ 
welding and spot welding. This has eliminated the usual 
need for welding immediately after the parts have been 


cleaned. 


procedures chromate treatment by 


Users of shielded-arc welding have claimed 
that superior welds are obtained on chromated alumi- 
num. Spot welders have found that small adjustments 
in voltage and in the number of cycles per weld have 
been necessary for best results. 
with the 


labor, has been responsible for a rising spiral in indus- 


Corrosion, along 


costs of materials and 


trial production costs. Replacement of corroded equip- 
ment and allied costs have reached a total of approxi- 
mately 6 billion dollars a year. To combat the rise in 


{ orrosion-loss 


being made of 
corrosion resistant materials. In the design of electrically 
energized equipment. considerations of conductivity and 
surface resistance often eliminate some materials which 
would otherwise be satisfactory from the point of view 
of structural 


costs, increasing use is 


strength and corrosion resistance. On 
solution of this problem has already been found in the 
protection of some metals by using chromate conversion 
coatings as the protective agent. The universal accept- 


in Table V_ which 


shows typical uses for coatings of this type. 


ance of these coatings may be seen 
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Fig. 4—Projector lamp housing by Argus Camera Com- 
pany. Die-cast aluminum with chromate 
finish and painted, 


conversion 


Figs. 5 and 6—Evaporator coil assembly and condenser 
coil by Chase Industrial Refrigerator Equipment and 
Engineering Company. All aluminum with 
chromate-conversion coating. Used in cooling system for 
trailer mounted aircraft ground support equipment. 


parts are 
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Brush Choice and Use 


for Mac 


Carbon brushes. together with slip rings 
or commutators. primarily serve to trans- 
fer energy between static and rotating 
machine elements. The complexity of me- 
chanical and electrical forces involved 
creates a multitude of diverse require- 
ments for the brushes and their accessor) 
devices. Proper selection of brush mate- 
rial, size and shape and careful consider- 
ation of brush mounting and connection 
details may have profound effects on ma- 


chine performance. 


W. SIEBENMORGEN and JAMES C. COPELLA 
SPEER CARBON COMPANY 
St. Marys, Pa. 


hine Efficiency 


4 BRUSH IS A RELATIVELY SMALL AND INEXPENSIVE com- 
ponent compared to the complete equipment in which it 
is used, but its importance is inestimable. Its choice can 
mean the difference between good commutation, repre- 
sented by electrical machine efficiency and long life, and 
the reverse—an inefficient system that doesn’t do the job 
for which it was intended. The brush alone is not the 
only consideration. Proper brush selection and usage 
in themselves cannot guarantee optimum commutation. 
On the other hand, improper brush selection and _ pro- 
cedures can almost certainly prevent the best possible 
operation, even if all other factors have received care- 
ful attention. In discussing the selection of the right 
brush for the right job, it must be remembered that re- 
sponsibility for final choice is divided. In many ways 
the designer of the equipment determines the type of 
brush and the manner of installation. The brush manu- 
facturer works from a knowledge of the materials avail- 
able and the designs suitable for the specific problem. 
and the final user of the equipment is most familiar with 
his particular installation: specific uses for the machine, 
conditions in his plant. shop maintenance and operating 
procedures, al! of which can affect the selection of a 
brush and getting the best performance from it. 

In choosing a brush for a specific job there are three 





basic elements to be considered: the material from which 
the brush is made, the design of the brush and the ac- 
cessories or component parts attached to the brush. With 
a wide range of variation in all these, there are literally 
hundreds of different brushes available to the designer 
and user, each of which offers certain advantages for a 
specific operation. 

specific require- 


In developing a brush for a 


ment several properties must be considered in com- 


bination: resistance. contact drop. coefhcient 


of friction, abrasive or polishing action, hardness and 


specific 


transverse strength. Resulting from these properties are 
the brush’s current-carrying and operating speed capac- 
ities. Different operations require different combinations 
of properties—varying degrees of abrasion. hardness. 
strength, contact drop and coefficient of friction. Due 
to the flexibility of formulation and processing possible 
in the manufacture, plus design variations, practically 
any combination of properties can be built into a brush. 

Electro-Graphitic Brushes. The  electro-graphite 
family of materials is accepted as standard for all types 
of commutator brushes because its combined properties 
ind versatility provide better answers to commutation 
problems than any other material (see Table). Basically 


(lampblack. 


that has been converted to a graph- 


this is one of several grades of carbon 
petroleum coke, etc. ) 
itic form by baking at an extremely high temperature. 
over 2200 C, in an electric furnace. This high-temperature 
treatment volatilizes impurities out of the carbon and 
homogeneous structure. low i 


produces a material of 


friction and non-abrasive. It is higher in thermal con- 
ductivity than carbon-graphite or graphite brush grades 
Such properties result in a brush that can operate at high 
speeds under heavy electrical loads and with long life. 
For these reasons electro-graphitic brushes are used or 
i majority of standard voltage machines, including in- 
dustrial motors and generators. diesel-driven generators 
ind universal motors. In general, these materials operate 
hest on undercut commutators. 

Carbon-Graphite Brushes. Carbon-graphite grades 
contain a preponderance of carbon, usually from petro 
leum coke, although other cokes as 


retort or well as 


General Characteristics of Brush Types 


Sclero- 
Resistivity, scope 


ohm-cm 


A parent 
Type density 
Carbon-graphite 0.0008 1.80 40 
0.0019 1.40 85 
Graphite-carbon 0.0008 1.85 40 
0.0011 1.55 53 
Resin-bonded graphite 0.055 1.6 g 
0.0005 1.9 30 


0.0004 1.7 35 
0.0025 1.4 60 


Electrographite 


0.000002 , 8 
0.0003 i 45 


Metal-graphite 


hardness 


lampblack may be used. A smaller quantity of natural 
graphite or electro-graphite is added during formulation. 
Graphite-carbon brushes are similarly formulated but 
with a higher ratio of graphite to carbon. The material 
is baked at about 1000 C. producing a brush that is 
mechanically strong, fairly high in friction and relatively 
abrasive. Normally this type of brush is used on older 
machines with relatively light load and speed conditions, 
such as flush and undercut crane motors, low-speed _re- 
versible motors. controllers. circuit breakers and older 
low-speed railway motors. 
Graphite Brushes. Graphit 
natural or electro-graphite flours bonded with a thermo- 


grades are made of 


setting resin or pitch. The resin-bonded graphites are 
processed at much lower temperatures than other types, 
in the 200-300 C range. These combinations of materials 
and processes produce a brush that is soft in texture, 
rides well and is low in friction. Contact drop of graphite 
zrades may be varied over a wide range; graphite brushes 
may also be relatively abrasive. They are indispensable 
on iron and steel collector rings. and are used in many 
fractional-horsepower motors. 

Metal-Graphite Brushes. Metal-graphite brushes are 
composed of one or more metal powders combined with 
natural or electro-graphite powders. Many contain only 
copper and graphite. though the alloy type consists of 
copper. graphite and some other metal, such as tin, lead 
or zinc. In some cases a metal-graphite brush is pro- 
duced by forcing molten metal into the structure of a 
carbon-graphite or graphite grade under pressure. This 
combination of metal with carbon or graphite produces a 


brush with low specific resistance and low contact drop 
“Alloy 


types” generally show higher polishing action and greater 


that can carry heavy currents with low losses. 
mechanical strength than non-alloy types. Metal-graphite 
brushes are used on plating generators, battery chargers. 
welders, aircraft, automotive and other low-voltage equip 
ment, on certain slip rings. and in general where low 
contact drop is required. 

Grades of any of the preceding types may be modified 
by impregnation with various materials. This is possible 


hecause of the porosity of the brush materials which may 


Transverse 
breaking 
strength, psi 


Coefficient 
Contact of 
drop* friction* 


Carrying 
capacity 
amp /sq in. 


Abrasive- 
ness* 


M 
H 


3,600 40 M 
4,500 50 VH 


3,000 35 M 
6,000 45 H 


M 
H 


900 30 L 
4,500 65 VH 


VL 
i 


2,000 60 M 
5,000 80 VH 


VL 
L 


3,000 75 VL 
15,000 150 L 


VL 
M 


z< 27> 2° rz rz 


LL LLLLLLLLLLLLLLLLL LLL ttt tt 


Comparative rating VL — very low L 


Contact drop, volts Less than 0.05 About 0.2 


Coefficiant of friction 0.15 or less 


112 


0.22 or less 


M — medium H — high VH — very high 


About 0.4 About 0.6 0.8 or more 


0.3 or less 0.3 or more 
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Fig. 1—Secondary machining operations on basic brush shapes may include (a 
beveled faces, (b) shaped tops, c) and (d) shoulders, grooves and 


accessories, and (e) “heads” for attachment of helical springs 


range as high 30 per cent The impregnants may be 
Various organic or inorganic materials, and the resulting 
products will differ from the base grades depending on 
the nature of the impregnant. The resulting brushes may 
be more abrasive, more lubricating or more film forming 
in their operation than non-impregnated types. 

Brush Shape. basically a 


six-sided rectangular solid, or in some 


ommutator brush is 
nstances 
cylinder, that is subsequently modified for specific ap- 
plications. The basic form is produced in one of three 
wavs: Individual molding. where high-volume production 
will justify tooling costs. extrusion, or machining from 
larger molded stock. The basic forms are produced in a 
wide range of sizes. After it is formed. a basic brush 
shape requires spe ial work involving some type of ma- 
chining to assure proper performance characteristics or 
to adapt it to a machine's specific design requirements 
Such machining may involve the addition of bevels. 
shoulders, slots. grooves. notches, holes and counterbores. 

Machining operations on a brush may be for any or a 
combination of purposes. Brush dimensional tolerances 
may be as close as +0.000, —0.002 in. so that grinding 
of the brush in one or more dimensions may be required. 
In order to provide the best possible contact with the 
commutator or slip ring, it may be necessary to machine 
beveled or concave faces on brushes, Fig. la. In the 
interest of brush stability in its holder, bevels and con- 
vex ends are standard on many brushes and serve pri- 
marily to control spring pressure reactions, Fig. lb. To 
provide for attachment of accessories such as shunts and 
lifting devices, brushes may be provided with holes. 
counterbores, and shoulders, Figs. lc-d. “Heads” are 
added to small fractional-horsepower brushes to permit 
attachment of helical springs, Fig. le. Frequently a por- 
tion of a brush may be plated with copper or silver to 
provide better contact between brush and the holder, 
spring or shunt. 
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) 
concave or I ig. « 


holes for attachment of Pwo-section 


-plit brush 


Split Brushes. A 
<pe lal mentior is tl 


lore sections, as a unl 


parable one-piece brush. . The two or more s 


tions of the brush operat n so that the commu 
tator bar passes under iri sections In sequenc: 
The sections may have 
equipped with a hammer 
ind extending over all sectio 

\ split brush ean replace any 
hanging the holder mechanism in any way. In 


1 


the split brush will give better operation than the 


piece brush. Two or more brush sections will give 


ereater area of contact with the commutator. Fi 


Multiple sections in a brush will vibrate out of phase 
with each other, and at different frequencies, if they 
differ in weight. so that they do not break contact simul- 
taneously. The split brush may be designed so that anv 
one section will receive full spring pressure when it leaves 
the commutator, thus re-establishing contact more quickly 


Fig. 3—Increased surface contact possible with split brush. 





One versatile form of the split brush is the composite. 
in which the sections are of different material grades. 
Another is the bias-split. in which the joint between sec- 
tions is at an angle with respect to the commutator bars. 
Both of these variations permit wider scope in total brush 
characteristics and machine performance. 

Skunts and Terminals. These are standard equip- 
ment on many types of brushes where direct contact 
between brush and current outlet is either not possible 
or not desirable. However, many types of equipment such 
as those employing swing arm holders and certain rail- 
road applications utilize direct brush-to-outlet connec- 
tions without using shunts. Shunts are fairly standard in 
design. consisting of a copper wire cable that is tamped. 
riveted or bolted into the holder end of the brush. Fig. i. 
The terminal is attached to the free end of the shunt. 
Shunt length. and conductor size and number are dictated 
by installation and current-carrying requirements. In 
recent years a decided preference has been shown for 
the tamping method of attaching shunts, due to the better 
connection that results. Development of silver-coated cop- 
per particles as a tamping cement, in place of a mercury 
base cement. has improved tamped connections and pro- 
vided a better connection between brush and shunt. The 
silver cement withstands much higher temperature con- 
ditions and can accommodate much higher overloads 
than earlier tamping materials. Special treatments can be 
provided to protect shunts from corrosive or hazardous 
conditions. Cables can be lead or tin-coated to resist cor- 
rosion. and insulated with cotton sleeving. rubber or 
other insulators when required. 

Terminals are principally made of copper or copper- 
coated steel. with brass sometimes used. There are around 
half a dozen standard terminal designs (slot. O. tubular. 
flag. yoke or plug) in a range of sizes to accommodate 
shunt and machine requirements. 

Hammer plates and lifting clips. Fig. 5, protect the 
brush from excessive wearing action of the holder spring 
hammer. The lifting clip is also used to lift the brush 
away from the commutator when necessary. These de- 
vices can serve to guide the brush in the holder. and 
provide an extension for contacting a brush spring 
finger. Normally attached to the brush by one or more 
rivets. both types of accessories are made of hot-tin- 
dipped steel. brass. copper, stainless steel or Everdur. 
Clips and plates of this type are available in several de- 
signs to accommodate different types of equipment. 

Special protection for the brush against severe vibra- 
tion conditions can also be provided by special neoprene 
pads that are fitted to the top of the brush in a double 
layer. These serve primarily to absorb heavy shocks. as 
on railway equipment. and increase brush life by de- 
creasing or eliminating additional wear from vibration. 

Another accessory item is the coil spring, commonly 
used on fractional-horsepower brushes. It may be. at- 
tached by the brushmaker or provided by the motor 
manufacturer. Such springs are commonly of carbon 
steel, stainless steel. phosphor bronze or beryllium copper. 
The latter has the advantage of excellent mechanical 
properties plus the necessary current-carrying ability. 

Brush Holders. Because of the sensitive role they 
play in equipment in which they are used, and also as a 
result of the diverse and exacting new demands made by 
newer trends in electrical machine design and applica- 
tion, brushes are highly vulnerable to blame for faulty 
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Spring hammer plates and lifting clips for brushes 


i 


equipment performance. There is continuing develop- 
ment of new brush materials and types for new require- 
ments. but the most carefully worked out brush design and 
closely controlled manufacturing procedures may still 
result in poor brush performance if the brush is not 
properly applied. 

Factors in brush application are brush selection, that 
is choice of material. brush dimensions and shape and 
brush accessories as shunts, caps and clips, then the 
commutator or slip ring construction, quality and per 
formance, and the highly important question of the brush 
holder. 

No two sets of conditions are identical, in view of 
the diversity of rotary electrical machine types and de- 
signs. work load factors. ambient conditions. wide vari- 
ations in machine service, operation and maintenance 
practices. However. there are certain basic principles ol 
brush-holder design that have evolved through long ex- 
perience with commutation problems, and similarly there 
are many installation and maintenance practices which 
research and usage have established as essential to opti- 
mum brush performance. 

In performing its functions the holder should provide 
the best possible brush stability. and insure the best 
possible contact between brush and commutator. Every 
brush holder on the market is designed to perform these 
functions in one of a variety of ways, with special design 
features added to solve particular installation problems 
or to handle a particular type of brush. Most brush 
holders used at this time on industrial and fractional- 
horsepower machines use a box-like structure to position 
the brush. and are classified by the angle at which the 
brush contacts the commutator. as leading, trailing or 
radial. 

In reversible machines. the radial type holder is a 
necessity. since only this kind of holder and certain types 
of trailing holders can accommodate brushes for re- 
versible operation. The radial holder, which includes 
most types of cartridge holders, positions the brush per- 
pendicular to the commutator, with spring pressure ap- 
plied to the center of the brush top. In operation a slight 
tilting action occurs because of the rotation of the com- 
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Fig. 6—Increased brush tilt 
as brush shortens. 


Fig. 7 (right Increased rate of brush 
wear, due to greater brush-to-holder 
clearance and consequent brush tilt 


mutator. With a new brush this action is negligible. but 
is the brush wears the angle of tilt increases. Fig. 6. As 


the degree of tilt increases the rate of brush wear in- Fig. 8—Wedge top on 
split brush to counter- 
ict brush-to- holder 


gap- 


creases. Fig. 7. A recent development, originating in 
Europe. to offset this tilting action and rapid wear prob- 
lem is a split-type brush with a wedge top positioned 


between top bevels. Fig. 8. The wedging action of this 
top piece forces the brush sections to hug the sides of the 
box, minimizing the undesirable tilting action and _ re- 
sulting rapid wear. 

It should be pointed out that radial holders often use 
onventional brushes with a beveled top. This offsets 
the tendency of the brush to wobble by foreing the brush 
igainst the lagging side of the holder. With this desigi 
the brush should be reversed for reversed rotation. 

Both trailing and leading brush holders position the 
brush at an angle to the commutator, and derive the 
names from the direction of slope of the brush with re- 
gard to the direction of rotation of the rotor. If the 
commutator bar first meets the obtuse angle of the brush. 
the brush is “trailing”. The angle of the trailing brush is 
usually 15 deg off perpendicular from the commutator, 


é a » O c a . om , > ar- R ic ena @x- 
and the top bevel on the brush is also normally 15 deg. Fig. F rces on brush in a trailing holder; B is brush pr 
sure against the holder wall and C is that against the com- 


In the trailing holder the brush rides in the holder box 
mutator. 


on its long or leaving side, which contributes to quiet 
operation by maintaining a stable condition. 

Brush consumption rate and service depend on the 
Various pressures and stresses on the brush and upon 
their relation to one another. In Fig. 9, for a trailing 
holder. B is the pressure of the brush against the holder 
box and C that against the rotating commutator. With 
a 15 deg holder angle the ratio of B to C is approximately 
40:100, which is considered most satisfactory for con- 
tact and brush stability. As the trailing angle is increased. 
B increases in relation to C, which is undesirable. The 
tendency recently has been to decrease the trailing angle 
below 15 deg so as to approach the condition of the radial 
brush. 

If the commutator bar first meets the acute angle of 
the brush, the brush is “leading.” Leading or reaction 
type holders are positioned at a much steeper angle than 
are trailing holders. The contact face bevel for leading 
holder brushes is normally 30 deg or more. Originally 
leading type brushes were used without a box structure 


surrounding them. In essence the holder consisted of a 7 


single flat side to position the brush at a relatively steep Fig. 10—Forces on brush 


in a leading holder. 


FEBRUARY 1958 





Fig. 11—-Deuble brush holder employing both leading and 
trailing brushes (Photo courtesy of The Elliott Co.). 


Fig. 13—Mechanical and electrical wear factors, for brush- 
spring design (Courtesy of Hunter Spring Co.). 


Fig. 14 Spring designed 
to maintain constant pres- 
sure with varying brush 
length (Courtesy Hunter 
Spring Co.). 





Fig. 15—Unequal currents in brushes B and C when connection 
is made at A can be more nearly equalized by shifting connec- 
tion to D or by slotting the brush holder (right). 
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Fig. 12--Swing-arm type of brush holders, in automotive starter 
Photo courtesy of Electrie Autolite). 


angle against the commutator. plus a spring to apply 


pressure to the top of the brush. which was also steeply 
beveled. The reaction forces of the spring pressure held 
the brush against the holder side and the commutator 
by a wedging action. 

In a leading type holder the brush rides against the 
box on its entering side. Pressure of brush against boy 
is approximately 35 per cent that of actual contact fac 
pressure. B:C in Fig. 10. If the leading angle is de- 
creased. or if there is excessive friction. this percentage 
will decrease and the brush will become unstable. 

There are two modifications of the double holder in 
general use. In each case two brushes are used to take 
the place of the single brush used in conventional holders. 
In one type the brushes run parallel in a single hold 
hut with separate springs. In the other type, Fig. 11. 
the brushes run in different holders. one leading and 
one trailing. with brush toes close together on the com- 
mutator. Bevels are usually conventional, that is 3¢ 
deg for both bevels on the leading brush and 15 deg 
for both on the trailing brush. 

One of the oldest of brush-holder designs. infrequently 
used now. is the swingarm type. Fig. 12. In this, a spring 
applies brush pressure through the holder rather than 
directly on the brush. The mass of the holder is thus 
added to that of the brush. adding to the inertia with con- 
sequent adverse effect on brush “bounce” and “chatter”. 
Such holders are sometimes used where low cost is a 
major consideration. in automotive starters and othe: 
small machines. 

With so many factors involved it is not possible to 
designate one type of holder as clearly superior to another 
for all applications. In general. the best brush stability 
and operation on high-speed unidirectional machines are 
obtained with reaction brushes in leading box type holders 
or with radial brushes having a 15-deg bevel. In revers- 
ing machines. box type holders with radial brushes are 
preferred, 

Brush pressure can be either too high or too low. In 
either case the result will be unnecessarily high brush 
consumption. Figure 13 shows the two factors involved 
in brush consumption, mechanical wear due to friction 
and electrical wear due to ionization and burning. The 
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mechanical wear is directly and the electrical wear in- 
versely proportional to spring pressure. The result is 
a range of desirable pressure value (top curve) which 


provides the most. satisfactory balance of these two 


factors. Such calculations must. of course. take into 
consideration the change of pressure as the brush wears. 
One solution to the problem of variable pressures is 


the development of a constant pressure device. Theoreti- 


cally such a device could be applied to any of the main 


types of holders, but until recently no truly satisfactory 
answer was provided. Figure 14 shows a relatively ne\ 
solution to the problem ot constant pressure, The device. 
known as a “Neg’ator”* spring. applies pressure to the 
brush through a coiled spring mechanism. and is designed 
to apply the same force on the brush, regardless of brus| 
length. The device appears quite simple, and usage to 
date has shown highly satisfactory results. 

Kvery effort should be made to insure equal distribu 
tion of total current load among the various brushes in a 
system. as unequal current distribution will create over- 
load whic h may result in excessive weal and damage to 
both brush and holder. 

Figure 15 (left) shows a typical arrangement of slip 
ring brushes. Current is introduced into the system at a 
point A near brush B. which is obviously drawing more 
current than brush C and is in danger of overload. By 
changing the line lead to position D, Fig. 
bette 
fected. 
right. for more uniform current distribution. 

Brush Installation. Certain general rules for 
position and other installation factors have 


15 center. 
current distribution to all brushes would be ef 


Another solution is to provide a slot. Fig. 15 


brush 
been derived 
from experience. in the interest of long and effective 


brush life. The distance from a brush-holder box to a com- 


mutator surface should not exceed !. in. Clearance be 
tween brush and holder should be as close as possible t 


» mils. particularly in radial applications for reversible 


service. However. since most industrial brushes are bev- 
eled and ride on the 
holder. 


Brush holders should be adjusted so that brushes are in 


entering or leaving side of the 


a clearance of 4 to 12 mils is not detrimental. 


line with one another and with commutator slots. Brush 
positions should be so adjusted that distances between 
the leaving edges are uniform around the commutator 
Factors to be considered in determining proper brush 
pressure are brush material, commutator peripheral speed 
and a group of variables as vibration, temperature and 
humidity. The latter indeterminate elements make it im- 
possible to set hard and fast rules, but certain pressure 
ranges have been established for standard stationary in- 
stallations for various brush materials: 
Pure graphite 
( arbon 
Elec trographite 
Metal graphite 
For certain special types of equipment higher pressure 
values have been developed (pressures indicated in each 
case are the maximum limit) : 
Fractional-hp motors, speeds 
exceeding 18.000 rpm LO psi 
Crane and mill motors. Diesel 
railroad motors Thy psi 


klectric traction motors 6 psi 


Input Stimulation for 
Servo Test Accuracy 


(Continued from page 105) 


CX rotor for null, an amplifier and control servo can 
be employed to position the CX shaft for the position 
viving null signal from the bridge. The synchro bridge 
impedance is sufficiently high so that neither the con- 
trol synchro nor the servo system under test is loaded. 

By the method of simulation. an accuracy of 10 se 
of are is realized without the use of a precision synchro 
or angular divider. System response to step functions 
can be observed and measured with the same arrange- 
ment. The input simulator is set to any desired angle and 
the servo is permitted to come to equilibrium. After de- 
energizing the servo. the input simulator is repositioned 
to any other desired angle. Upon energizing the servo. 
its response to this step can be measured. 

Direct Reading Bridge. With the synchro bridge of 
Fie. 1 in which the balance arm of the resistance delta 
is tapped at points corresponding to 5-deg increments of 
synchro rotation, only inputs that are multiples of 5 deg 
can be simulated. A linearizing network in the bridge 
circuit can be employed to produce a bridge output volt- 
age which is a linear function of synchro angle, per- 


of angles to + 2.5 deg on a 


mitting the direct reading 
voltmeter scale. Any angle can be simulated by setting 
the bridge dial to a multiple of 5 deg and adjusting the 
svnchro rotor until the voltmeter scale reads the addi- 
tional required angle. 

Synchro Position Measurement. [he 


bridge may be used to measure the output angular posi- 


svn hro 


tion of any system which employs synchros or resolvers 


as output data or error measuring elements without 


loading the systems. The direct reading svnchro bridge 
is connected to the output Ie ids and the bridge set for 
minimum voltmeter reading. The angle of the synchro 
output of the system under test is the sum of the bridge 
dial and the voltmeter readings. A direct-reading resolv: 


bridge, which operates on the same principle as tl 
synchro bridge. may be used when the system output ts 
resolver. 


system to be 


(CT). and the 
latter is an active part of the closed loop. the servo must 


If the error measuring element in the 
tested is a synchro control transformer 
be de-energized. The control transformer must be ex- 
cited by connection to the three terminals of a test control 
transmitter svnchro (CX) which is being monitored by 
a synchro bridge. A voltmeter is connected to the (two- 
wire) output of the CT synchro in the system. The input 
simulator is advanced in 5-deg steps until the voltmeter 
across the CT indicates a minimum reading. The angu- 
lar position of the system under test is then the sum of 
the synchro bridge dial reading and the CT voltmeter 
reading. This voltmeter reading is converted to degrees 
of angle through use of the equation: 


@ = arcsine (£2) 


synchro output voltage 


where 


at Maximum coupling 


voltmeter reading 
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Model of Project Vanguard artificial earth satellite and part 
of its internal instrumentation, displaying the type of magnetic 
cores for which the following design procedure was developed. 


Designing 


Minimum Weight 
Magnetic Cores 


A straight-forward procedure for mini- 
mizing the combined weight of core, case 
and coil for a given volt-second capacity 
—relating geometry and core material 
selection to limitations such as winding 
resistance and magnetizing currents. 
Method can be extended to include 
weight minimization of power supply and 


other related components. 


JOHN W. KALLANDER 
Us. Navat Researcu LABORATORY 
Washington, D. C. 
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MAGNETIC CORES are being used widely in air-borne and 
naval equipment in which weight is of considerable im- 
portance, as typified by the artificial earth satellite to be 
launched by Project Vanguard during the International 
Geophysical Year. This article presents a method for 
determining the magnetic core, case, and coil configura- 
tion which vields the minimum core, case, and coil 
weight for a given volt-second capacity of a magnetic 
core and coil. The analysis is very general and takes into 
account limiting quantities such as winding resistances, 
magnetizing currents, etc., and can be extended to include 
the weights of other related components such as asso- 
ciated batteries merely by the addition of appropriate 
terms to the total weight equation. The following pro- 
cedure has been used to design many of the magneti 
cores and coils used in the instrumentation in the arti- 
ficial earth satellite. 

Basic Derivation. Consider a toroidal core of square 
loop core material of density py. having an inside di- 
ameter D;. an outside diameter Dy, a height H,, and a 
stacking factor ap,. Then the weight of the core is 


- 
(Do Dy?) Heapepy (1) 


W tr i 


The core has a case of inside diameter D;', outside 
diameter D,', and height H,’, constructed of material of 
density p.. Then the weight of the case is 


Wi. (Do' Dy”) H, (Do? — D;*) H,) p (2) 


The number of turns of wire is equal to the cross- 
sectional area of the coil divided by the cross-sectional 
area of the wire and multiplied by the stacking factor 
of the wire. 
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Looking at a cross section of the case and coil, Table I. 
we see that 


Do' +3 Dy —-4D +2 


! 
21H = = ) | D Dy’ + 2H 


The length of the mean turn J, is obtained by averaging 








the outer and inner turns /, and /,. Since the coil is wound 














] 


on a toroid, whose effect is neglected, the length of the 




















mean turn calculated is slightly larger than the actual 
mean turn. Thus: 




















Do! 1D iD 
20 2D iD 1/1, 
D D 2D 2H (4 
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(2H,'+ Do’ —D 





























The weight of the wire 1s 











We \ (5) 








The weight of the core, case, and coil is thus: 




















Wi= Wie + ( 
Wi = 5 (D D2)H 

7 (D Dy)H,’ — (Do? — De)H 

V1 7 








From magnetic considerations: 





























where fe dt is the volt-second capacity of the core; V is 
the number of turns in the coil; ¢ is the knee-to-knee 
change in the flux in the core: B is the knee-to-knee 
change in the flux density in the core; and Ay, is the 






effec tive cross set tion of the core. 





From Formulas (3) and (8): 






D dD 






and. therefore, 







ty | e dt 10° 


p(- 3) Hares 





DD Db 





The average magnetizing current /, in the ith winding 





having NV, turns is determined as: 


Nil x Hi D 
HD 






I 





mean diameter of the core. 
The formulas (4), (7). 
into forms which will readily facilitate computation. 








relations: 






Dy’ dD, — 2/ | 








H! = H, +20. \ 
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Table |—Symbols and Parameters 


a (10) 


where H is the magnetic field intensity and D,, is the 
(8), and (9) are now put 


A thickness ¢ is taken for the case material giving the 


Do Do + 2t > (11) 


+_— a 
Uo 
————————— 

' 2 


D;: inside diameter, in. 

Do: outside diameter, in. 

D..: mean diameter, in. 

H.: height, in. 

D: minimum hole diameter after winding wire, 0.250 in. 

pre: density of iron, (A) 8.25 gm/em® for 50% Ni, 50% Fe 
(B) 8.72 gm/cm® for 79% Ni, 17% Fe, 4% Mo 

ar.: stacking factor of iron, 0.8 for H, < 0.250 in., 0.75 for 
H, > 0.250 in. 


B: flux density, (A) 28.8 x 10° lines/cm®* for 509% Ni, 50% Fe, 
B) 14.4 x 10° lines/cm* for 79% Ni, 17% Fe, 4% Mo (see 
Fig. 1) 

: change in flux, lines 

H: magnetic field intensity, (A) 0.260 oersted at 400 cycles for 
50% Ni, 50% Fe, (B) 0.074 oersted at 400 cycles for 79% 
Ni, 17% Fe, 4% Mo (see Fig. 1 


Ay.: effective core cross-section area, in. 
Wtr,.: weight of core, gm 


fe dt: volt-second capacity of the core, volt-sec 


. 


Case: 
D;': inside diameter, in. 


Do’: outside diameter, in. 

H.': height, in. 

Wt.: weight of case, gm 

oe: density of case material, (1.25 gm/cm* for phenolic) 
t: thickness of case material, 0.020 in. 


Coil: 
d;: diameter of insulated wire, mils 
N: number of turns in coil 
Rinax: Maximum allowable resistance of coil, ohms 
aw: stacking factor of wire, 0.46 
1,: length of outer turn, in. 
1;: length of inner turn, in. 
1.2 length of mean turn, in. 
w.: weight of wire per unit length, gm/in. 
Wt..: weight of coil, gm 
J;: magnetizing current in the ith winding, ma 
N;: number of turns in the ith winding 


Wt: weight of core, case, and coil, gm 
Wt: weight of voltage supply, gm 
Wt’: weight of core, case, coil, and related components, gm 
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Table !l—Polyvinyi Formal Single Copper Wire 


Fig. 1—Idealized 400-cycle hysteresis loops for 
two high-permeability magnetic core materials. 


rhese relations provide ready conversion between the 


| 


core and case dimensions. 


\ square cross-sectional area of the core is considered, 


Do D 


H 


D 


> 9 


Do _ 


Hy 


Do and Do’ are eliminated by means of this relationship, 
leaving D;, H, and D,'. H,’ as the independent variabie- 
where. because of formula (11), D 
garded as a single variable, and H 


and D,;’ may be re- 


and H,.’ may 


be re- 


varded as a single variable. 


, and (9) with 


Di _ jy, Do! _ Ds 


» 9 9 


Formulas (4), 8 


‘)s 


H 


D; give respectively 
D) = 2D 2H 
Hy) H 

H.) CH 


!, dt 10° 


(3 are) H 


(fed) a 


B) He 


2 (Do 
are pre) (Dy; 
(x p-) (D 


D) 


I.) 


D D 17) 


(are a 


where fe dt is known from the design requirements and 


B, ape, pres pes aw are Known constants of the cores, cases. 
and coils being considered in the design. 
In addition. formula (10) with D D, +H, 


oives 


7 HCD 
\ 


i) 


Formulas (11). (14). (15). (16). 
hasis of the calculations. The only 


remaining considera- 


and form the 
tion is the actual choice of the magnetic core material. 
Selecting Core Material. Since a variety of core 
materials of the “square hysteresis loop” type are now 
available. the designer has considerable latitude in his 
the core material itself. Often the choice for 
a particular application is narrowed down considerably 


‘ hoice ot 


or even limited to one particular core material by basic 
circuit considerations before the problem of weight is 
even considered. Where one core material has been de- 
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AWG 
No. 


40 
39 
38 
37 


36 
35 
34 
33 


32 
31 
30 
29 


| 
Resistance, | 
ohms per | 
in. 


Length for 200 
ohms resist- 
ance, in. 


Ww 
gm/in, 


' 


3a 
| 28 


0.0874 
0.0693 
0.0550 
0.0436 


0.0346 
0.0274 
0.02174 
0.01724 


0.01368 
0.01084 
0.0860 


2288 
2886 
3636 
4587 


5780 
7300 
9200 
11,600 


14,630 
18,430 
23.250 
29,300 


-—-aoem 


NOCH NNO BW PPwHw 
WON DOWD 


— 


termined prior to weight considerations, the weight mini- 
mization proceeds, of course, using that core material. 
Where there is still a choice of core material, then the 
minimum weight criterion 
the The particular 
selection may depend upon whether it is desired to mini- 


will select the core material 


from possibilities still remaining. 
mize the weight of the supply voltage source (battery, 
etc) or other associated components along with the core, 


and coil and the of the volt-second 


case, upon range 
capacity being considered. 

In cases where the supply voltage weight is not taken 
into account since a standard battery or other voltage 
supply is already available regardless of the particular 
design of the core and coil. formula (16) dictates the use 
of the core material having the maximum flux density B 


to minimize. in general. the number of turns of wire 
required in the coil. In rare instances the magnetizing 
current of this core material might be so large as to 
require such a large size of wire for the coil that mini- 
mum weight might be obtained by using a core material 
with slightly 


pondingly lower magnetizing current. In general, though, 


lower magnetic flux density and corres- 
any decrease in wire size allowed by a lower magnetizing 
current does not compensate for the larger number of 
turns required by the correspondingly lower magnetic 
flux. density. 

In cases where the supply voltage is taken into con- 
sideration, the minimum weight core, case, and coil taken 
in conjunction with the required voltage supply does not 
necessarily yield the minimum possible weight of the 
core, case, coil, and voltage supply. The decrease in the 
weight of the voltage supply required with another core, 
case, and coil with lesser magnetizing current can, in 
some instances. more than compensate for the increase 
in weight of the core. case, and coil. In general. this is 
true only for very small cores with the maximum flux 
density core material still yielding minimum total weight 
for intermediate and large cores. The exact crossover 
point depends on the hysteresis loops of the materials 
under consideration and on the relationship between the 
supply voltage weight and its current output. 

The “square loop” core material considered in this 
work consisted of two types 50 per cent nickel, 50 per 


cent iron which shall be designated as type A core ma- 
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terial and 79 nickel, 17 iron, 4 molybdenum which shail 
be designated as type B core material. Idealized hysteresis 
loops of these two materials are given in Fig. 1. 
the magnetic flux density of the type A core material is 


double that of the type B core material, the former was 


Since 


used when supply voltage weight was not considered 
However, since the magnetizing current of the type A 
core material is three and one-half times that of the type B 
core material, the latter was used battery 
weight was considered in the design of miniature cores. 

Design Procedure. The calculations now 
as follows: 


whenever 
pro eed 


Pm fe dt is known from the circuit design. 

> The particular core material is known from design 
considerations or selected as described above. 

Pm Using the core height H, as a parameter. calculate 
the weight Wt for a number of different H.'s in order to 
secure minimum Wt. The initial H, chosen is a matter of 
choik e base d on experience. The sut cessive Hs are then 
a matter of choice based on the pre eding calculations. 

In detail: 

> Formula (16 A judi 
clous choice of wire size is made. Formula (17) ther 
gives the case dimension D,'; formula (13) 
case dimension D,’: 


vives the number of turns \ 


gives the 
and formula (11) gives the core di- 
mensions. Formula (14) gives the length of the mea 
turn l,,. 

> The maximum allowable resistance of the coil de- 
termines the wire size. A table giving the lengths of wire 
having this resistance for the different wire sizes is cal- 
culated (as shown in Table II for 200-ohm wires). Then 
Ni. is compared with this table to insure that the coil 
allowable. 


and also that the wire size selected is the largest size 


resistance is not greater than the maximum 


permissible. If not, the calculations so far must be re 
done using the wire size just determined. The magnetiz- 
ing current /,. as calculated from formula (18) 
within the allowable limits. 

> Formula (15) gives the weight of the core, case. 
and coil: the first term being the weight of the core, the 
second term the weight of the case. and the third term 
the weight of the coil. 

© The calculation is made for 
core heights H 


fe dt considered. 


. must be 


a number of different 
to secure a curve of Wt vs H. for the 


At this point it seems advisable to apply the analysis 
to several typical examples. First, the analysis will be 
applied to the design of a miniature core similar to those 
used in the artificial earth satellite. This core will first 
be designed using the core material which will give very 
low supply battery weight without actually considering 
the supply battery weight in the analysis. Then the same 
core will be redesigned actually considering the supply 
battery weight in the analysis. and the two results will 
be compared. Finally, a medium-sized core will be de- 
signed in order to illustrate other considerations which 
arise in this widely used range of core size. 


Example | 


In this example it is required to design a magneth 
core. case. and coil to the specifications of some of the 
instrumentation of the artificial earth satellite and having 
a volt-second capacity of fe dt 0.020 volt-sec. Since 
the weight of the supply battery is of importance, type B 
magnetic core material is used although the weight of 
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Table 1V—Core Height 
vs Core, Case, Coil and 


Table ili—Core Height 
vs Core, Case and Coil 
Weight for Example ! 


Supply Battery for 
Example Il 


H, in. Wt gm 


0.070 6.94 
0.080 5.66 
0.090 5.01 
0.100 4.73 
0.110 4.65 
0.120 4.77 
0.130 4.99 


Fig. 2—Core height vs total core, case and coil weight for (1 
minimizing core, case and coil weight only and (I1) minimizing 


also the weight of voltage supply batterv. 


the battery is not calculated, it being part of a common 
] 


battery supply. The values of p; 8.72 gm/cm*, 

0.8. B 14.4 kilolines/cm*’. and H 0.074 oersted are 
obtained from manufacturer’s data. The value of D 
0.250 in. is determined by the coil-winding apparatus 
available. The value of R 


preliminary 


600 ohms is taken from 
design data. 1.25 grams/cem* fon 
phenolic, and ¢ 0.020 inch has been determined ex- 
perimentally. In this range No. 40 AWG single polyvinyl] 
formal wire (the smallest considered) is used so d; 
1.18 x 10° gm/in. from manufac- 
0.46 has been determined experimen- 
tally. (Although the stacking factor of a perfectly uniform 


3.6 mils and u 
turer’s data. « 
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cross-section coil is calculated geometically as 0.907, 
the actual stacking factors obtained in practice seldom 
even approach this theoretical limit.) Using these figures, 
all linear dimensions in inches, / in milliamperes, and 
Wt in grams: 


Formula (16) reduces to 
Formula reduc 
B) 


re dui 


D 


Formul 


Formul: reduc 


DD DD 
D DD 
i iH] 


O00 | 


O40 


0.010 \ 
reduc 


“~T) 


reduces to 
160 (D HOH 


Hod 
] 2 A 10 


61.5(D 


reduc es to 


nt. assume H 


») 
Ormuia £2 


‘ormula (19) gives \ 
20) ives D 
ormula (21) gives D 
ormula (22) gives D 


0.080 in.. giving 


H 
1200 turns. 
0 125 in. 
0.665 in. 


1. and Do 


ormula 


0.625 in. 
ormula (23) gives 


V1 3490 in. w 


mum resistance 


“2 © , 1] ° 
= within the illowal ie maxil- 


Formula (24) gives Wt 5.66 om. 
These 
H, sivine 
this table 
For H 0.110 in.. the resistance of the « 


ohms. 


calculations are 
the Table 


repe ated for othe I 


IVI. Curve I of Fig. 2 is a 


values of! 


graph of 


oil is 156 


considerably less tl t} 600 ohm maximum 


illowable. In addition. formul: cives a magnetizing 


current of 0.107 ma if only one winding is used on the 


Thus. anv winding consisting of as little as one 


core. 


tenth of the entire coil would have a magnetizing current 


of approximately 1 ma. a very reasonable figure. 


Therefore. the minimum weight for fe dt 0.020 


0.110 in.. D; 
0.150 in., D, 0,354 


2225 turns. 


volt-sec is 1.65 om oct urring when H 
0.394 in.. D, 0.614 in.. H 
ns, A 0.654 in.. and A 


Example Il 


Consider the same problem as Example I except that 
it is desired to consider the weight of the supply batter 
thus minimiping the core. case, coil, and supply voltage 
weight. The only requirement necessary to achieve this 
is that the supply voltage weight be expressible explicitly 
in terms of the core. case, and coil parameters. This 


expression can then be added to formula (6) 


civing 
Wi Wh; Wi, + Wt, + Wi (26) 


where Wt’ is the total weight and Wt, is the weight of the 
voltage supply. 
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Table V—Core Height vs Core, Case and Coil 
Weights with Various Sizes for Example III 


H, in. Wt, gm AWG. No. 
0.300 74.0 34 
0.310 73.0 34 


0.320 72.8 34 


0.330 61.7 35 
0.340 62.2 35 
0.350 63.0 35 
0.360 64.0 35 


0.370 57.7 36 
0.380 59.2 36 
0.390 60.7 36 
0.400 62.7 36 
0.410 64.4 36 


0.420 61.9 37 
0.430 64.4 37 
0.440 66.6 37 
0.450 69.3 37 
0.460 71.8 37 
0.470 74.6 37 


0.480 , 38 
0.490 . 38 
0.500 : 38 


In this particular case it has been determined that the 
supply battery weight is 20.7 em per milliampere of cur- 


rent required. This constant factor together with formula 


25) elves 


9720(D; + H.) 
Wi 
where D; and H, are in 


equation is now 


Wi 360 (D HY) H 


1.18 NI, 10 


nstead of formula (24 
The calculations to determine the core. case, and coil 


as a function of H, are taken intact from 
Then. formula (27) is used instead of for- 


configuration 
Example I. 
mula (24) to determine the corresponding weights fron 
these parameters. These calculations give Table IV. Curve 
Il of Fig. 2 is a graph of this table. 

For H 0.090 in.. the 


onms., 


99° 


resistance of the coil is » 


considerably less than the 600 ohm maximum 


illowable. Formula (25) gives a magnetizing current of 
0.0744 ma if only one winding is used on the core. Thus. 
anv winding of as little as one-thirteenth of the entire 
coil would have a magnetizing current of approximately 
1 ma 

Therefore. the minimum weight for fe dt 0.020 
volt-see is 5.01 am (6.55 em for the core. case. coil. and 
hattery) occurring when H 0.090 in.. D, 0.435 in.. 
Do 0.615 in. H,’ 0.130 in. Dy,’ 0.395 in.. 
D, 0.655 in.. and N 3320 turns. 

The comparison of Examples I and IT shows in Fig. 2 
battery 


weight alone with the core. case. and coil weight gives 


that. in this instance, minimizing the supply 


a different core. case. and coil configuration than when 
the battery is not considered. 
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Fig. 3—\ 


Di-continuities result 


iriation of core 


case and coil weight in Example III 


from changes in coil wire size. 


Example Ill 


ind H 


0.260 oerste 
S1Z¢ nsidered 0.75. As 


previous ex LIT pie S ; 


ind D 


0.020 
0.46 


redui 
DD D 
reduces to 
D D 
D D 
H, HH 


reduc es to 


OOO | 


OO 


OOO \ 


Formula (14 

2(D 2H 
Formula (15) reduces to 
+H) H, 


(10) 


18(D -Ob5 cp HOd!I Hey+N 


Formula reduces to 


1650 (PD HT.) 
\ 


\s a starting point take H, 0.300 inch and try 
35 AWG wire for which d; — 6.3 mils. Formulas (28). 
(29), (22), and (23) give respectively N — 3990 turns, 
Dy 0.637 in., H,’ = 0.340 in., and 1, = 2.134 in. 
Then N 1,, = 8500 in. But Table IT gives 7300 in. as the 
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length allowable tor 


the 200 ohm maximum 
Since 9200 in. of No. 34 AWG are allowable, 1 

34 AWG for and Wy 1.73 
gm/in. Then the calculations for H 

H 0.340 in., A 3990 turns, D, 

dD, 0.738 in., Do 1.378 


eG a | Ae 


resist 


which dy 7.0 mils 


il 


QOOO in.. 
calculations are repeated 
Table V. 


graph of t seve! 


points were necessary to deter! 
the curve has been calculated and plotted in much greater 
order to illustrate the uniqueness of this type 


Although the Wt vs H. curve 


size considered is 


detail in 
! example. 


ulal wire 


1 continuous curve, the 


langes in wire size dictated by the maximum resistance 


requirement ¢ 


iuse the actual 
imple to be 


composed ¢ 


0.410 in.. D 
2620 turns No. 36 AWG 
General Application. Alt! 


t 


' 
ntiny S$ sI tr 
continuou ect 


letermined tron 


For a 


number 


particular nula (8 


of turns .\ required for the fe dt consider 
gest 


is taken as the 


that is oI 


: ] 
fives the ta! 


formula (9 nsulated diameter of the 


wire d; possible. d; largest wire commer- 
available 
Formula (4) 
ind NV I,, is calculated. F 
ing current J. V1 


ments for 


cially sistent with formula (9 


then gives the length of the mean turn / 
ormula (10) 


and | must be 


the core and case 


cives the magnetiz- 
within design require- 
to be useable. In addition. 


it must be determined if the wire 


size d; is the smallest 
wire size useable. Formulas (9), (4). and (10) should be 
applied to determine D, N 1,, and J for successively smaller 
wire 


sizes until the smallest wire compatible with the 


Then formula (5 
cives the weight of the coil Wt,, and formula (6) gives 
the total weight Wt. The minimum weight is determined 


design requirements is determined. 


for each of the standard cores and cases considered, and 
the minimum weight configuration selected. 

This analysis can be applied to particular design prob- 
lems. or. if desirable, general tables and graphs can be 
prepared as a project and then applied to particular 
problems as they arise. O E 
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0.300 in. 


0.695 in., 


the minimum point, 


for each par- 





The Anatomy of Automation—I! 


2. 6s -EORGE H. R and PAUL S. AMBER 
futomation s “nervous system consists RGSS. See at Paws ae 


Consulting Engineers 


° ° ° f 09095 Schaefe i Z 
of various modes of control, methods of 19925 Schaefer Highway 
! J / Detroit 35, Michigan 


measurement, sensing and pickup devices, 


feedbacks and loops. Its “brain”? consists Modes of Control (Table 10). High performance 
; control is indispensible for modern automatic machines. 
\utomatic control may be internal or external. Because 
it cannot be adjusted readily, internal control is always 
“automatic”. for it is either self-acting. or acts not at all. 
types of controls. The authors conclude Karly smachines, wach ss clockworks, made much use of 
. internal control. The more internal control in a machine. 
that means for obtaining the necessar\ the more specialized and less flexible in application it 
is. External control is what makes a machine applicable 
to many jobs. The greater the external control, the 
. et . egos sreater the scope of use of a machine. The agent of 
is where immediate design work is re- pe ! 

external control is usually a man, which constitutes 
quired. manual control. 


The new trend is for automatic external controi by 


of machine “intelligence.” machine “‘men- 


tal” operations. and various computer 


control data—automatic measurements- 


means of programming. Here again, some programming 

ss is comparatively rigid, such as by cams, detents, and 

Corpus Automation profiles. Some external programs are on tape, either 
magnetic or punched paper. The term taping refers to 
flexible external programming of any sort, even though 


The authors view automation as consisting of four 
sections: 

1. Basic elements of automation; analogous to automa- a . “ - ai? 
tion’s skeleton. These terms are treated in tables 1 it is on punched cards, or is a master part, or “logical 
through 4. (Part I) sequencing from one operation to another. An early ex- 

ample of a taped program, is the Jacquard loom, which 


produces a fabric pattern in accordance with a punched 


. Manufacturing: the use of energy. Analogous to the 
organic structure of automation. These terms 
treated in tables 5 through 9. (Part I) 

3. Control: the use of information. Analogous to the card. ° 

nervous system of automation. These terms are Dimensions and Measurements (Table 11). It wa- 
treated in tables 10 through 14. shown that information is just as important as is energy 


.Mechanized mental operations: Analogous to the in accomplishing useful work. Now let us see what in- 
brain of automation. These terms are treated in 


ea ae ak h 18 formation consists of, and how it is obtained. 

ables lo through 16. . , j 
Any piece part or other product has dimensions, its 
physical configuration. Dimensions need not be linear: 


are 


Sensors Controllers Actuators 


develop signals from process 


factors and dimensions; mentor control computers, 
including taped programs, ‘ aiso timers, sequencers, and 
using tronsducers and pickoffs programmers. 


consist of control panels and consist of motors, servomechonisms, 


hydraulic or pneumatic devices 


inctional block diagram of automatic machine or process. 
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they can have any physical sense. such as temperature. 
time. ete. The of 
can be considered to be dimensions. subject to measure- 
ment. For 
made by sensors. devices that convert physic al conditions 
to a form easily handled by 


pressure, factors the environment all 


iutomatic systems the measurements must be 


a control system 
broken 


to measure automatically. 


Continuous dimensions. those not in time « 


rl 


in length. are relatively easy 


control’. By means of statistical quality control, 


X standard deviation 
sigma) of a sample can be known. This 


done manually or by nputer i 


average of a sample or the 


computati 


rit 


in automat 


can be 
machine control svstem. 
Once a machine has measurements 


r of the continuous or discontinuot 


chine must know what to do about it 


Discontinuous dimensions. such as those of piece parts. in make some decisions. 
| a bother 


ire | 
measuring device 


; ‘ 
decisions 


ess easily measured 
the 
Irom one part to another. 

Another that parts exhibit 
the normal statistical variation of the machine by which 
they The measurements 
of the piece parts must be averaged before it can be de- 
termined if the process must be readjusted. Also, until 
the dispersion of the individual part measurements is 


know! the 


One reason is that it is which machine ire made are 


criteria, which are set into the 
Va hine dec isions b ised 
Yes-no: fo 


M if hine dec isions based on tne evel 


sul h 


The rules by 
to move 


transducer. the automati 


machine’s control systen 
two-state ¢ he 


1 lo 


of a 


mination, 


specifi 
re 


ason 1s separate piece no-go: on-on ter cat contro 


me 
measurement 
individual 


were manufactured. 


are termed 
at which 
A limit is 
of 


ie control function 
\ 
fT ec 


machine decision takes eff 


is ti 


mathematical control. a curve 


index. ar 


ndex which defines the xtent i measure- 


one cannot be sure that process is “under 


ment. 
10—Modes of Control 


internal . ns and interacti 


components rf 
effect it 


that 
directly 


external 


manual 


automatic chines and processes that are utomatic ontré 


‘Detroit 


acting and can work for an 


time without human inter fer machi 
achines, 

Automatic 

matical” I 


thickness control, 


program The plan of procedure of the 
ot a 
termed a routine, especially when the 
machine is a computer; a set of 
instructions arranged in proper se 
quence to cause desired operations; machine: 
the numerical data of tape of numeri 
operation, not its mor ! 


le, chine 


ns and tools « 


of 


opera 


also 


tion machine or operations 


process; sequence 
automatic 
machine, the 
operation 


testing 


radio tube manufacturin 
ind 


an a omatic ¢ 


sequence mod 
apacit 


message 


also, the 


master 


Ss, a 


taping The the pro 
gram, or the record of the program 
the machine or process is to follow: 
commonly recorded, magnetic or 
punched tape, although other media 
be used. 


process of recording Numerical « 
sequence ] er 
pro 

process tape, | 
control tape. 


ates machine contr 


mntrol, 


ludes flex- 
but on 
blueprints. 


not on 


neer n 


rl } 


grams not tape, 
} 
inched cards, 


Taping 


on 
) 


punche 


sheet, | 
5 computer prod ( 


tvnist 
typist 


on 
(4) control tape act tf operation 


may i unit, 


5) 
drives position the 
work, (6) ine 
automatical 


(Bendix 


macl 
ly. as per 


ram 
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Setting and Sensing (Table 12). Assuming a con- 
trol system has data concerning pertinent dimensions and 
measurements of a process, it matters not to the control 
system whether the information came from manual or 
automatic means. In manually controlled machines, the 
controls of parameters and variables alike are manual. 
In the case of automatic machines, the controls of parame- 
ters are usually manual. and the controls of variables 
are in accordance with automatic sensing, from trans- 
duc er or pickoff signals. 

Bits of information (data) set into a machine control 
system, are called a setting. 

The process by which a machine control system auto- 
matically detects data concerning the process is termed 
sensing. 

Sensors may be simply switches or some other “two- 
state’ devices. These elements are of great importance 
for logical control. Some sensors are of the analog type. 
That is. they convert a dimension. such as angular posi 
tion, weight. velocity, size, etc.. into an equivalent phys- 
ical “signal”, a shaft rotation or a voltage. The signal 
is analogous to the dimension being measured. 

Some sensors convert dimensions to an equivalent 
number of counts. These sensors measure numerically, 
a digital technique. Devices used as sensors are some- 
times called monitors. More consistent practice is to call 
analog sensors transducers and numerical or digital 
sensors. pickoffs. The terms are commonly interchanged 
however. 

Feedback and Loops. (Table 13). A machine con- 
trol system that can sense measurements of dimensions 
an check up on its own performance. When a machine 

control system senses qualities of the process output 


] 


and segregates or discards produ ts outside of ac eptable 


imits. this constitutes automatic inspection. When process 


output is compared to a standard. and then the process 


s automatically adjusted to minimize the error between 


11—Dimensions and Measurements 
Term Definition 


dimension 


variable Those dimensions of 
dimension ect to continual change and control 
to bring about the desired results ing: 
from the process Also, the nu- 


merical value of variable factor. 


parametrical 


a process sub Capacitor manufacturing: 
sion, humidity 
diameters, 
length 


excitatio 


process performance and the standard, this constitutes 
feedback. 

Feedback is of great importance to automation because 
it improves the performance of a system, counteracting 
the natural tendency for any system to continually de- 
venerate. In the sense that feedback provides anti-entropic 
action, just as does a living thing, it is the key to making 
machines function as men. 

Feedback is also termed closed loop because a signal 
from the process output is “looped” toward the process 
input, where it is compared to a standard. 

Open loop is simple cause-and-effect performance. Open 
loop is fine if the natural rate of deterioration of the 
process is slow enough to be tolerable. Fortunately this 
is usually the case. 

In any system, even highly complex ones of high orders 
of automaticity, most functions do not require the re- 
finement of feedback. But feedback is indispensible for 
the key variables of a process. 

Most automation, A, in Table 3, is entirely open loop. 
\, automation with feedback will increase, but A. auto- 
maticity will always be the standby of automatic processes. 

Feedback has been termed automatic reset by some 
workers in the field of automatic control, especially in 
Great Britain, since it describes its function in the field 
of automatic machine and process control. But feedback. 
inherited from electronics, is the term practically uni- 
versally used now. 

In addition to 


feedback, it is at times desirable to sense pre-process 


sensing post-process conditions for 
conditions too. This is sometimes called pre-feed. feed 
forward, and forward loop. The authors advocate the 
term (automatic) pre-set, as it is the antonym of reset, 
a synonym of feedback. The authors also advance the 
concept and term automatic cognition to cover the entire 
realm of machine control system sensing. Cognition in- 


cluds Ss teed hac k. preset, and even response to a program 


Discussion 


Irequency. Any process or objec can 


color, pat scribed by means of an uw 


ee ak 


factors are not pertinent 


ites, viscosity, strain, number of 


Most dimensions used to 


factors. 
possible 
or object can The pertinent factors constitute the 
limensions of the process or object 
ne, and tempera Of the 


stitute 


o basic dimensions 
tir pertinent factors some con 
ariable dimensions. some 


] 


parametrical dimensions, and some 


constant dimensions 


turns, ten- 4 variable is a measurable quality 
Motor shaft machin- that can be represented at every 
shoulder locations, instant by a pointer on a dial, for 
power generation: at every instant it has a definite 
n, rpm, frequency, voltage. value. A variable can be considered 
to be a parameter that is continu 
ously adjustable and is subject to 
such continuous adjustment. 


| 
Electric 


dimension 


Those dimensions of a process that 
must be set to specific values for a 
job, but remain fixed during the 
duration of the job. Also, the nu- 
merical value of a _ parametrical 
factor. 


Capacitor manufacturing: thickness 
of paper, size foil, overlap. Motor 
shaft machining: key way, spline, 
thread size. Electric power genera- 
tion: load, relative phase, polarity, 
number of phases. 


{ parameter is a measurable quality 
no less important than a variable. 
But parameters are only subject to 
occasional adjustment, not in-proc- 
cess, but pre-process. A parameter 
can be considered to be an “adjust- 
able constant” or a “semi-fixed” vari- 
able. In automatic machines, vari- 
ables are usually automatically con- 
trolled and parameters set manually. 
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11—Dimensions and Measurements (Continued) 


constant 
dimension 


measurement 


contiguous 
dimension 


discrete 
dimension 


analog 


criteria 


index int on a continuous function at 


pulse count of a digital or p 
ilsive function at which a spe- ( ng, 


iction is desired 


specific action is desired: f mperature 


limit An index point corresponding to High-low tolerance 
the extreme condition tolerable for limits, temperature limits, pressure 
limits, limit stops. 


the system or process. 
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yntrol setting, 


i magnetic or punched tape levels of continuous signals, or 


limits, speed Indexes and limits can be set 


it 


ex 
} 


broker 


oper ator 


riteria for electrical 


tured part; 


r process 
r pi 


lar detents, me criteria are based on a 


ermostat set- tate “yes or no” signal, such 


SUuUCLI as 
1 switch or photos eH. Sc 
of informa- criteria are based on_ particular 


1 a 


number of discrete pulses 

ignal level or pulse count at 

h a desired action is needed is 
termed an index. Indexing is the 
operation of stopping a positioning 


device at specific points 


mechanically by means of stops and 
detents, or electrically by means of 
discriminators, polarized relays, or 
cam-switch arrangements 
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Process Sensing (Table 14). Feedback involves 
post-process sensing. Preset involves pre-process sensing. 
lhe term in-process sensing is at times encountered. Here 
is how pre-, in-, and post-process sensing compare: 

Pre-process sensing means that the control system is 
cognizant of some factor before the process is initiated. 
In-process sensing means that during the process, the 
sensing and feedback control occurs almost simultane- 
ously. In-process control can only be applied to a con- 
tinuous product, or to some processes more Ol less 
continuous, such as heating or grinding. In the case of 
piece parts, it is not always possible to sense the key 
variables directly the 


sensing is commonly necessary. 


during process, so post-process 

\s a rule, it is best to anticipate, to sense pre-process. 
fhe post-process approach is somewhat more involved 
as the parts produced must be considered statistically, 
not individually. Even so, a large potential area for feed- 
back is probably based on post-process sensing, statistics. 
control computers, and all. 

This then is what constitutes the of 
automation: Control its modes, internal, external. 
automatic, and manual, and determining what dimensions 


must be measured and how to set them or sense them. 


“nervous system” 
and 


ee ee) ee ee ed 


Phe concept of automatic cognition, an awareness ot the 
conditions that prevail, including feedback and_ pre-set 


also part of automation’s sensory functions. Automatic 
machines can exhibit reflex action as can a living thing, 
but industrial machines are not vet able to learn, to dis- 
play conditioned reflexes. 

Now let’s see what kind of a “brain” can be expected 
from a machine. 


Automation’s Brain 


Machine Intelligence (Table 15). [here is no 
agreement what constitutes intelligence in men. much 
less what constitutes intelligence in machines. But no 


one can deny that some machines exhibit characteristics 
usually accredited to organisms having some intelligence. 

It is known that machines can accept information, and 
that they may have a memory storage system to keep these 
data until needed. If knowledge is an awareness of facts. 
the skill of what to do, or how to do it, then machines 
do have knowledge. If intelligence is response to knowl- 
edge (such as of process conditions) then machines do 
have some intelligence. 

The authors claim that machines can have a high de- 





12—Controls and Sensors 


aa 


lerm Definition Examples Discussion 
controls Devices that are manually set or Hand-set potentiometers, synchros, In manual control systems, controls 
adjusted to specific positions or | differential transformers, step | are used for variables and para 
values to accommodate process | switches, linkage positions, manual | meters both. In automatic control 
tactors indexing systems, variables are controlled 
automatically, and process para 
meters are set by manual controls 
Parameters can be controlled auto 
matically too 
setting The specific position or value of a Voltage, time, gear ratio, sequence Setting to the frequency desired or 
manual control of operations, lathe crossfeed, rpm the dial of an AM radio is an analog 
setting, tool position; angle on an | action, for it is continuous. Setting 
index plate detent on an indexing © to the channel desired on the dial 
device, limit switch position, dis- | of a TV is a digital switching action 
criminator reference level. for it is in steps, not continuous. 
sensors Devices that detect or sense the Includes analog transducer devices, Sensors are also termed monitors 
condition, level, or extent of process such as strain gages and thermo- and telltales, and receptors. 
factors. “Receptor organs” couples; and digital switch-like de 
vices 
pickup or Sensors that reveal the on-off or Snap switches, proximity switches, § Pickoffs or pickups are usually 
pickoff other 2-state condition of a process photocells, digital pulsers; “detect- | switch-like devices and are digital in 
factor; also devices that reveal © ors” of motion, moisture, strain that | nature. Sometimes transducers are 
process factors in the form of pulses reveal state but do not measure called pickoffs, such as a “tach 
ometer generator pickoff”. 
transducers Sensors that reveal the level or Strain gages, thermocouples, piezo Practically any electromechanical 
extent of process factors by convert electric crystals, tachometer gen- device whose electrical output is a 


ing mechanical factors to an equival 
ent electric signal, an analog of the 
factor instrumented. 


erators, microphones, potentiometers, 
differential 


function of some physical condition, 
such as temperature, strain, velocity, 
acceleration, position, or time can 


transformers. 


be used as a transducer. 
instruments Devices that visually reveal the Digital dials, continuous dials, gages. Instrumentation means revealing the 
extent or level of a variable or manometers, theromometers, baro level and extent of factors so it in- 
parameter that is being measured meters, all meters” cludes sensors as well as instruments 
Instruments reveal quantity. Instrumentation is essentially an 
iutomatic measuring operation. Only 
that which can be measured can be 
controlled, so instrumentation is the 
key to automation. 
indicators Devices that reveal whether or not Indicator lamps, “flags,” anunci- Pilot lights and other simple on-off 
a condition exists, usually visually. ators, blinkers. bells. buzzers, horns. devices are universally used as in- 
sometimes audibly. Indicators reveal dicators. 
q tality or state. 
128 


tLECTRIK 


AL M*NUFACTURING 








FEBRUANT 1456 


gree of intelligence but necessarily of a very narrow 


matic control is a highly technical subject from the opera- 
scope. The amount of intelligence is therefore quite lim- 


tional and physical aspects. It is quite simple from the 
ited. Cleverness, the trait of resourcefulness, is a human functional aspect. In fact, any control system for an auto- 


monopoly. The general intelligence, the product of scope matic machine can be divided into but three functional 


as well as intensity of intelligence, is far greater in man entities. These are the sensors. controllers, and the actu 


than in machines. ators. (See block diagram). 


Machines can think. but only so far as they can follow The sensors are the analog transducers and digital o1 
a predetermined logical pattern, or follow an equation numerical pickoffs that reveal conditions, such as environ- 
that defines a process. Thus far industrial machines can- ment and dimensions. 
not learn or perform unprogrammed thinking. The controller is the function that compares input and 
Machine Mental Operations (Table 16). Machine- feedback signals, and programs and sequences the ma- 
can sense and respond to the signals of “the conditions chine operations in accordance with the signals. If the 
that prevail” reported by their transducers and pickoffs. controller makes use of contactors, static devices, relays, 


One of the most common mental tasks assigned to a or other two-state devices. it is said to be a logical con- 


machine is that of discrimination. The comparing of two troller, or simply a controller. If a controller depends 


signals and determining which is greater or when they on the operation of a control computer to reconcile the 


are equal, is essentially a mathematical operation. input and feedback signals. the controller is termed by 
\ machine that can sense and discriminate can make us a mentor. 
decisions. Decisions based on discrete or step functions {ctuators are the devices that carry out the orders 


are logical decisions. Decisions based on continuous from the controller. They may be power servomechanisms 


curves are mathematical decisions. or ordinary motors. Servomechanism is the term applied 


Automatic Control Functions (Table 17). Auto- to motor-like devices that use feedback so that physical 





13—Feedback and Loops 












































Term Definition Examples Discussio 
feedback Negative feedback: causing a system Simplest feedback control is when he usual term in manufacturing 
control (machine or process) to respond to 1 limit switch reports whether or ndustries is closed loop, also termed 
the difference between the command [| not a part is in the proper posi negative feedback and deger é 
signal and a portion of the output of | tion, or a photoelectric cell prevents feedback. Positive or regenerative 
the system. The policy of continu- press operation if a light beam is feedback is sometimes used to cause 
uusly or continually “checking up” broken; also thermostat operatior : itions or to improve sensitivity 
ascertain that system performance §| of a furnace, governors, regulators, | Accidental positive feedback, whict 
satisfactory post-process zone control of machine auses system oscillations or hunting 
tools. automatic thickness and edge should be avoided. Only the key 
guide devices, automatic registration iriables of any process must be 
culated or controlled by 
back control makes 
ereat system stability and 
open loop Assumes that a system is always \utomatic screw machine, bottle The assumption that system per 
control satisfactory, and suffers no lapse of making machine, nailing machine, formance will be correct and that 
perforr so that “checking up” | automatic stamping, sewing machine, © the bility of malfunction is 
on the system is not needed. Spe clock works, fire arms. spot welding negligible is entirely justified in the 
cifically, open loop means not closed | electroplating greatest number of cases. Even in 
op or feedback ighly automatic feedback control 
achines, most elements of tl 
, both control and operatior 
will work as expected on an oper! 
preset The practice of adjusting the prox Increasing the amount of heat sup Also term € 
ess before the work cycle starts, on plied to a process before an in- ind feed se of 
the basis of the condition of the creased amount of heat absorbing preset is 1a- 
work piece; the control system func material is run through; automatic- hine or process to a wide range of 
tion whereby control is based on | ally sensing rough dimensions of a — incoming work pieces. Preset may 
the automatic sensing of pre-process | casting so that a machine can auto- | range from preselection, or simple 
conditions matically make one or more rough | size adjustments, to extensive change 
cuts: sensing sizes of piece parts so n the mode of operation of the 
that by means of a control computer achine or process 
(mentor), automatic lective as 
sembly can be accomplished. 
cognition “The process of knowing’, the 4 machine with feedback has cog- | Cognition is a more general term 
faculty of a control system of | nition of the results of the process — than feedback, for it refers to the 
knowing the condition and values | from a transducer; a more auto ibility of a control system to compre 
of the factors that affect the process, matic process may have cognition of hend and respond to data concerning 
including pre-process and in-process | pre-process factors such as size of | process factors that are sensed (us 
data as well as post-process data. An | the piece part, in-process factors | ually automatically), regardless of 
awareness of what is to be done: | such as temperature and condition of | whether or not these factors consist 
what is being done; and what was | the part, post-process factors such of part performance or of pro 
done, and how well as the final shape of the product. | grammed or non-programmed input 
The process control system may also © factors. Cognition covers pre-process, 
have cognition of input conditions in-process, and post-process factors 


from hand set controls, and auto- 
natic program, and taping 
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14—Control of the Manufacturing Process 














Term Definition Examples Discussion 
process \ series of operations directed Manufacturing processes: ca- | See tables 4, 7. A process is always more ot 
toward an end result; manu-¢ pacitors, transformers, lamps, | less continuous in nature. The process in 
facturing and machining viewed motors, turbine blades. Con- |) dustries are those that are fluid-like, as 
as a whole; manufacturing or tinuous processes: paper, wire, | chemicals, textiles, powders, paper, and 
producing continuously in time.) textiles. Fluid processes: chem- } strip. Manufacturing industries are those 
icals, granules, extrusions, pertaining to piece parts. The manufacture 
of discontinuous objects is a process, too. 
mode (he manner or method by which) Modes of fastening: welding, | Most manufacturing operations can be per 
inulacturing process or sys brazing, bolting, cementing, rivet formed only by specific medes. A new trend 
te of control is accomplished. ing, turned joints. Modes of § is to use a more or less universal mode, of 
cutting: saw, torch, shear, part- | automatic metal removal, for example. This 
ing tool. Modes of control: me- § can be done by a plasma jet torch for 
chanical, hydraulic, electric. } roughing, followed by electrolytic or elec- 
Modes of computation: analog, | tric are finishing work, all on the same 
digital. machine. 
control The act or method of causing a) On-off; speed, position, mode lo- | See Table 1. Industrial machines and pro 
process to perform as desired, cation, sequence, time, and other esses are essentially energy converters. The 
variable and parametrical factors } role of control is to convert energy 
ot a process, specific ways. 
system The functional and operational From the control viewpoint, these | Process pertains to production and manu 
devices by which control is ac- function as integrated systems: facturing; system pertains usually to con- 
omplished. The process as a’) radar gun control, lamp manu trol. From the viewpoint of systems engi- 
hol con-idering the mechan facturing machine, automatic ca- neering, the machines and controls of a 
isms and controls collectively pacitor tester, computer con process are considered in toto, functional], 
trolled automatic selective as- } Later, the operational equipment is con- 
sembly machine sidered. 
process he control of a process as a?) Control of a chemical plant, By process control, it is possible to assure 
control whole, as distinct from control) automatic assembly, production § that the various parts produced by indi 
specie point in process. of meters and radios; manu vidual machines will all function together. 
facturing of plastics, capacitors, | Process control also makes it possible t 
transistors use a computer to control a process, by 
first establishing an equation that relates 
the process “theory 
pre-process Pertains to factors of the work” Incoming inspection, pretesting, | Preprocess, in-process and post-process 
factors piece and process before the work > automatic measurement of rough } factors are all relative and must be dis 
iece is subjected to the process.) stock before machining cussed together. Taking a drilling opera 
tion as an example of a process, pre-process 
is before drilling start-; in-process is dur- 
ing the actual drilling operation; and post- 
i process is after drilling operation. If the 
in-process Pertains to factors of the work Revealing the exact position of process were a series of transfer mac hine 
Panbani mie ind process during the} the tool during the process; | Operations, such as milling, facing, drilling, 
period the work piece is being 1utomatic measurements during § ‘Ping, reaming, and stud driving, a post 
ected to the process. the process drilling operation could still be an in 
process “transfer machine” operation. Also 
the end product of one process is the semi 
finished material of the following process. 
The philosophy of Total Quality Control 
post-process Pertains to factors of the work Revealing the condition of the Ghetatne thet eee contre and ar oer 
factors piece and process after the work product after the process; auto- a inseparable. Post-Process feed 
sient feed Lents aebekeand a sie lie Coie al back means that corrective measures are 
, : ; not taken until unsatisfactory performance 
ee occurs. In process feedback avoids this 
problem. Howeve rs post-proc ess control 
can be satisfactory if the process has a 
short time constant. 
inspection The operation of comparing” Go/ no-go inspection; precision Receiving inspection is pre-process. Final 
actual condition of a work piece gaging. checking dimensions; Inspection Is post-process. In-process in- 
to standards, manually or auto checking for attributes (color,) spection, whereby each critical operation is 
matically defects, etc.); weighing; testing > inspected on the spot, either manually or 
hardness automatically, is a current trend. 
statistical The practice of determining Determining the average of a Only two parameters, X, the machine mean, 
quality quality of a lot by a statistical given sample and the range of | and ¢ (sigma), the standard deviation, ar 
control 


total quality 
control 
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evaluation of a sample. The re- 
sults of a process must be de- 
scribed in terms of average and 
range of variability. 


The philosophy that quality con- 
trol of a product must start with 
its design and end only when 
the product has been placed in 
the hands of a satisfied customer. 
(Feigenbaum) 


the sample, or the standard devia- 
tion instead of the range. Use of 
control charts to reveal whether 
or not process is “under control”, 
Usually a lot is described by its 


mean X; and standard deviation 
o (sigma) or range R. 


The use of automation, automatic 
manufacturing processes, is con- 
sistent with the policy of Total 
Quality Control, because of the 
increased consistency of the 
product when it is produced 
automatically. This is especially 
so when quality is assured at 
each operation in process. 


necessary to describe a normally distrib- 
uted process output. This concept is valu- 
able for telling centerline of machine 
performance, for setting and feedback, and 
¢ indicates machine capability, and if ma- 
chine is “under control.” 


Every critical phase of the manufacturing 
process must be subjected to continual 
inspection and control of every pertinent 
factor, on an in-process basis. This can be 
done manually or automatically and is more 
than mere incoming or final inspection, for 
there is manual or automatic feedback con- 
trol at each operation. 
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response is a faithtul rendition of the input signal. 


Automatic control functions include the machine in- 
telligence and mental operations discussed earlier in this 
section. So far, computers are used mainly for science 
and engineering, not much for industrial automation. 
However, the trend to make of 


computers for industrial automation, as is already the case 


is more common use 


in the areas of military automation and office automa- 
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tion. Numerical control represents a growing use of cor 
puters for industrial automation. 
of 


computers are the whole show. 


In the area science and engineering automation. 
It is worthwhile to com- 
pare the various types of computers. 


Computer Family (Table 18). 
know it | 


The controller 
functions. 


is we 


now involves many complex logical 


(ontinued r page 


eo ae 


15—Information and Communications 















































lerm Definition Examples Discussior 
information Knowledge concerning The job to be done: how it is to be done: Cybernetics si} s that information a 
facts or data pertaining the location and position of the work and energy are running mates. Both are neede 
to operational or con tool: the mode of operation; specifications or al sefu rk and both can 
rol factors and dimen special requirements analyze a si ar manner. Machine 
sions of a process perior echanization ot ener 
é atin’ 
data its of inf ation con Temperature, force positional. t f sé ne ¢ receives signais of t 
erning the operation or | quential, and mode informatic process ganizes the data, ar pe 
control factors and di ites yzical and I at 
ensions of a process atica sis 
memory he functional part of The memory of the operations constitutes Dat that n be read ré 
eontr system where the progran The iemory of the mode o trieve stitutes a emory As 
lata are ed for fu peration constitutes the 4 memor for 1 an automatic proces 
tur a also. termed storage may retain piece dimensiona tate ak ng track of the parts meas 
orag ind memory data for use in performing computer con ired easuring them when tl 
t zg trol, such as ¢ iputati ise iC ne sure ts € ye tor it 
ean for feedback performance, and for at veraging. Als potentio 
itomatic selective asse v eter . 2 es I magnet ru 
signals Data On-off signals from a snap switch; voltage Th g tage of signals in ele 
Vvoa ce signals from a differential transf re for s t tk re very flexible ‘ 
isual ealing position; voltage signals la ye re s é and contro 
tages tachometer generator revealing angular 
S It rotator t city electric a] pulses reveaiing move 
ment of a machine part 
message nformation being trans Typical messages to a machine may be The state of organization i 1 o1 
itted trom one agency stop, turn at 1400 rpm, drill to 1.060 in.; “syste s a message. A su a 
to another. grind to 0.660 in.: reverse, tap, index. Most a language, or voltage, is “organized” t 
messages to machines are commands. Mes form a ssage carrying specific infor: 
sages from machines are declarative. tion 
communications The process of transmit- Message from man to machine: stop-go Communications can be from man t 
t messages between reverse and numerical control. Message I t achine, machine to machine 
en and/or machines. § from machine to man: dial instruments to man. Control is communicat 
readings of size, temperature, position, or } an imperative form 
any other visual instrumentation. Message 
from machine to machine: “Detroit Auto- 
mation” whereby completion of one opera- 
tion signals start of succeeding one. 
language The “vehicle” whose | Speech is verbal language; blueprints are | Blueprints are a ie guage: words 
state of organization’ in graphic language: objects are in “real | comprise verba 1age, and electrical 
comprises the message. | life” language; machine language may be | signals and shaft rotations are languages 
pulses, as in numerical control, voltage | suitable for automatic control. An in 
levels for speed regulation; shaft rotation | portant phase of automatic control consists 
for positioning, and hydraulic pressure for | of translating graphic and verbal language 
force control. messages into a suitable machine lar ‘ 
knowledge An awareness of facts’ An awareness of temperature, force, rate, | Cognition (see Table 13) is the ability of 
pertaining to a specific | composition, viscosity, diameter, and proc- | a control system to have knowledge of the 
process. ess mode of operation, for example, in a | factors affecting a process. The knowledge 
process that automatically extrudes plastic processed by a system is the sum total of 
insulation on wire in a continuous manner. | its data and mode of operation, introduced 
as part of the design of the process and 
from controls and sensors. 
intelligence The power to “think” The ability of a machine to discriminate, A “vertical” characteristic. It is the level 
successfully when spe- make routine decisions, perform computa- | of a particular mental skill; the “brain” 
cific demands are made — tions, follow rules of logic, and to correct | power in a narrew category. General inte! 


by man or mac hine. its own errors, 
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ligence is the summation of the intelligence 
in each of the manifold areas of 
brain-like activity. A machine can have a 
high intelligence in a narrow field but wil 


have limited General Intelligence 





posse <s 
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: Term 


cleverness 


thinking 


learning 


Definition 


Mental quickness or re- rhe 
sourcefuiness. 


ability 
change its mode of operation, as necessary, 
such as changing from welding to bolting 
or riveting, when the process demands an 
alternate technique for joining piece parts. 


15—Information and Communications (Continued) 
Se iksienmnetenninienninenrnieanimemnns 


Examples 


of a machine 


or process to 


This is a rare faculty for machines. 


Performing mental op- 
erations, that is, non- 
physical operations for 
the contro] of a ma- 
chine or process 


sense 


forming 


The ability to form 
modes of operation on 
the basis of past ex- 


perience rent, 


factors to develop the optimum weld 


Comparing two signals in amplitude and 
discrimination; 
performing logical control operations; per- 
mathematical i 
performing computations. 


A hypothetical example is a welding ma- 
chine that makes spot welds, automatically 
tests the welds, and then adjusts the cur- 
wave 


counting pulses; 


control operations; 


shape, pressure, and other 


{4 “horizontal” characteristic. 
breadth of the 
edge passed by man or machines. Because 
machines are not 
they are not clever 


ELECTRICAT 





Discussion 


It is the 
mental skills and knowl- 


resourceful or flexible, 


To the extent that machines can follow 
strict 
functions, they have the property of think- 
ing, in a limited way. Machines can deduce, 
but not generalize from particular bits of 
data. 


rules of logic, and mathematical 


A machine that makes use of feedback is 
self-correcting and 
learn, a machine must be 
must not only make use of feedback, but 
must find its own modes of feedback opera 
tion. That is, 


stable. In order to 
ultrastable. It 


a machine that learns from 


experience must search for stable ends to 
its goal. Machines that learn won't be on 


the 


factory 


floor for some time to come 


( Ashby) 





16—Machine Mental and Sensory Operations 





Term 


sensing 


detection 


logic 
operations 


mathematical 
operations 


discrimination 


decision 
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Definition 


Specifically, concerns determination 
of the /evel of a condition. The fac- 
ulty to sense quantitatively. In gen- 


eral. sensing includes detection, too. 


Determining whether or not a condi- 
tion exists or doesn’t exist. The fac 
ulty to detect qualitatively 


Control operations which take place 
sequentially in accordance with a 
pre-determined “machine logic,” 
which are rules for the mode of 
operation of the machine and have 
a logic basis. Timing is also con 
sidered to be a logic operation. 


Control operations which take place, 
usually simultaneously, on the basis 
of the reconciliation of analog or 
digital representations of the process 
factors, by means of computer type 
elements. Also includes decoding, 
such as used with numerical control. 


Comparing two or more signals and 
determining their relative amplitude, 
equality, and sense 


Arriving at a logical conclusion as 
to which course of action to take, as 
based on specific criteria. Machine 
decisions concern when and possibly 
which, never why or how. 


Examples 
Sensing temperature; pH constant 
in a chemical process; depth of a 
hole in a piece part: location of a 
part: rpm of a drill; strain on a 
hoist 


Detecting position of a part in a 
machine: detecting pre-sense of a 
pilot hole prior to a taping opera- 
tion, detecting a broken light beam 
on a press safety guard 


Machine logic control can be made 
up from basic legic elements, AND, 
OR, NOT, MEMORY, TIME DE- 
LAY. Control functions that can be 
made up of these basic elements, 
include BOTH, NONE, ALL, SE- 
QUENCE, INTERLOCK. TIME is 
considered to be a logic operation 
or an analog operation. 

Automatic Statistical Quality Con- 
trol, automatic control of processes 
such as chemical, paper, oil refin 
training aid simulators, pro- 
portioning, automatic selective as- 
sembly, machineability computation, 
automatic design of product, optimiz- 
ing, automatic programming. 


eries; 


The input to a servomechanism in 
a regulator, where the command 
signal is compared to the feedback 
signal; comparing automatic meas- 
urements to standards for automatic 


inspection and segregation; sound- 
ing an alarm when the mean or 
standard deviation of a process is 
exceeded. 


On the basis of its mode of opera- 
tion, the control system of a machine 
or process decides when it is proper 
to perform an operation “in time”; 
when to perform the operation “in 
sequence”; when the work piece is 
in the proper location, attitude, and 
position, and when the work piece 
and process factors are in the proper 
condition for the immediate opera- 
tion to take place. 


Discussion 


Sensing is accomplished by instru 
mentation used to abstract 
usable information from a “system” 
concerning its state or condition 
Instrumentation also covers the use 
of indi¢ ators or instruments to reveal 
the quality and quantity of the con 


dition sensed. 


devices 


Detection has a “two-state” basis 
on-off ; black 
white. This is usually accomplished 
such as snap 
switches, or 


(,a-no-go: yes-no: 
bv two-state devices, 
switches, proximity 
photocells 


Most 


logic 


control consists of 


making use of con 


machine 
operations, 


tactors, switches, and “static de 
vices” (which depend on the mag 
netic state of their core to reveal 


which of two possible states they are 
in). Logic circuits are commonly 
designed by use of symbolic 
tion, such as Boolean algebra. 


nota- 


In some cases, it is possible to write 
an equation that represents the “the 
ory” of a Automatic 
tion of this process equation, taking 
into account the values of the terms 
of the equation from instrumenta- 
tion, makes possible continuous con 
trol of the process. 


process 


By means of discrimination, a con 
trol process compares control signals 
to reference signals and _ initiates 
action when the reference level is 
reached or exceeded. This is a step 
beyond simple yes-no control, for this 
allows the machine to decide if a 
particular condition is at a specific 
level. 


The amount of automatic in-process 
decisions of a process is an index 
of its automaticity. An objective is 
to have the control system of the 
machine or process make most of 
the routine decisions and use man 
to make the non-routine decisions 
pertaining to work in process, that 
require judgment. 
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methods. 


Conclusion. 1h 
automation and woul 
that 
Phe 


t is “the word” 


ke can performed in accordance with symboli 


Indeed. 


algebra 


many circuits are designed by sym- 


So 


automatic 
fact is that 


of u 


holie logic in a sense a logical controller is a claim 


computer too, for it manipulates circuits on algebrai tion 
vrounds. By usage though. a logical controller is not con- 

sidered to be a computer, { 
\ 
“special purpose analog equation solver control com- 


like Mentor of Greek 


ind wise counselor. Whereas 


mathematical controller hoped that the foreg 


is very much a compute 


\ 


puter” is termed a mentor: tor This is the age of 


mythology. it is a faithful 
Mentor served Odysseus. 


have 
i mentor serves the servo 

Of equal interest to automation practitioners are equa to view the w 
that do differential 


usually used as training devices 


/ 


on solvers, computers not solve 


equations. Simulators are the hroad 


iutomation. 


field of ai 


that create a “synthetic situation Similators are “equa- ime 


thon mor kups” used for scientific the olde 


rh 


of the computers, soon followed by the digital computer 


purposes 
mes are 
higher details. 


“Bible” of 


e general purpose differential analyzer is the plonet 
Crbe 


Finally will come the true “Giant Brain.” the informatior the 


machine which is not on the thus far 


scene 


17—Basic Control Functions 





control 
functions 


sensing 


i constants 


ntrol 





of introducing 


con 
ta, either 


sensor 


in Tpm meter 


i condition 


The f 
nput data information derived 


1 
from the 


controlling nection of evaluating the 





interlocking, by me 
] 


sensors or “controls” 
ing the proper 
» machine on logical 
nathematical grounds, or 
accordance with the 


control pane 


ac r 





of i progran 
Controlling on 
h regulati rimir 


ind solving control equations 


i mathen 





in 


sue 





as 


mode of operation 


hine or process neans of i ontrol omputer 


The 


Motors, 
linders, 
position of the 
motors actuate tool thrust 
on drill heads; 


or 


of performing hydraulic 
motion, physic al changes 
ind adjustments, to the posi 
tions, actions, or restraints of 
work piece, or 


proce 


actuating function pistons, air 


sole nolds, 


may 
work or toc 


actuate 


1. 


| 
in¢ 





torque 
heat actuates brazing 
relieving: current 

1 x , 

plating or weldin 
nuclear radiation may actuate 
lization of foods, or plastic n 
ross linking 


the machine, 


r ] 
tool, o ss electri 


stress 


actuates 
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d much 


inv. futomation doe s have 


embracing as automs 


have technical competence 


control er L 


auto: 
term preferred by \ ener tou 1 t ( 





re aft sno Qisiike thie terin 


some 
prefer automatization. Others 
intensified 1 laniza 
d fil 


of 


manitold 


n is merely nect 


| a need 


the 


automation 


ie sixth decade twent 


meanin 


t pones 


oiling bar ng oO 


dispel some of the mystery concerning 


Spe lail 


' 
I 


intimate knowledge of 


ition son 


All Any 


hole “hoc ot automation. and te 


pecialty with) 


itomat 


on 


involved ir 


lized s 


e ia 
More recent 
its 
writter 
the 


whe 


st 1s mechar 


subject in 


neeri i 


rnetrics. i “nee. has 


{utomatization is 
vt} 


itizatior 


vernetics. 





at 
ie 


muitaneous 


or 


lous process 


ller control 


ntre 


ing a system equation, is termed 


Yr incorporates 


sua 


\ 


j 
teed 


negative ipac 


termed servomec! sn 


ar 
servomechanism 


power 


tvne if 
ype a 





performance requires 
and analytical work, 
entire control 


include st 


system. 
ts 
K-SIIp, 

saturation. 


Dringing 


position, 


encountered 


and 
ut tually 


non-linearity, 


consists of 


desired results, sucl 


is 
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has not been known to use the term automation. In- 





jormation theory too plays an important role in the auto- 
mation yet to come. 

Two points that the authors especially wish to leave 
with the reader are: (1) Information is to be mecha- 
nized along the same lines as energy has been up to now. 
(2) By viewing automation and control from the func- 
tional aspect, every one interested in the subject can 
comprehend what his contemporaries are doing without 
heing obligated to absorb all of the specialized details. 
\lso the functional aspect permits formulation of systems. 
before units. This is consistent with the proven systems 
approach to control. 

To what should the industrial automationist 
his attention at this time? Here is one answer: 


devote 


Information is surely becoming more mechanized. In 


the case of automatic 


machines. information 





the necessary contro! data, automatic measurements, is 
where immediate work is required. For until we have 
data concerning the factors of a process, and of the 
work piece, such information cannot be handled by 
logical and mathematical controllers. Furthermore. once 
automatic available. automatic in- 
spection and automatic statistical quality control can 
readily follow, as well as automatic in-process control 
methods. 


measurements are 


Development of effective and reliable automatic measur- 
ing techniques will pave the way for tomorrow's use of 
mathematical controls, permitting a 


ereat versatility and flexibility. 


process to have 





















comes Reprints 

from sensors, the transducers and pickoffs that convert No. 727 

measurements and dimensions to a form that can be t 

used by the control system, and from tapes. Obtaining 

18—Computer Family 

(_omputer Symbo 

(lass Class Comments Applications and Examples 

automatic Lay Not actually a computer Called ontrol panels L sed to contro all automatic and automation 

controller by machine builders and industry Performs machines classified A in Table 2, such as transfer 
mainly sequencing and timing functions and machines. duplicators, packaging machines, and 
some simple programming. Universally used to | domestic automatic washer and dryer. Automati 
control automatic machines on a logical, digital, controllers revolved into mentors 
or analog basis. 

mentor ( Consists mainly of special purpose, analog, equa Practically the same as those classified As in 
tion-solver control computers, plus sequen Ing, Table 2. such as automatic quality control, auto 
timing, and programming functions Permits matic selective assembly, missile guidance, self 
mechanization of whatever physical or mental | optimizing machines, and for the control of mili 
operations can be reduced mathematical tary equipment. 
equations, 

equation Cs Special purpose analog computer used to solve | Used as part of mentors, simulators, and for solv 

solver non-differential equations. Answer appears after ing a wide variety of non-differential equations, 
in initial transient. Usually is electromechanical, including simultaneous equations 
servo actuated. 

simulator ( \ number of interconnected equation solvers, each | Gunnery trainers, atomic energy reactor trainers, 
solving one of several simultaneous equations re- chemical process mock-ups, operational flight 
presenting physical conditions real time, to trainers, submarine trainers, radar trainers, sonar 
create a synthetic situation. trainers 

similator ( \nalog system where the differential equation of 4 differential analyzer can be connected as a 
the electrical analog circuit has a resemblance | similator; or a similator may consist of electric 
to the differential equation of the physi al system components without operational amplifiers. Elec 
being studied. An “equation mock-up.” Need not trical analogs of mechanical systems, vibration 
be electrical. Soap films are sometimes used as) analysis analogs, economic analogs, thermal 
similators, analogs. 

4 5 7 s Sees aside a - 
differential C: \ general purpose analog computer used primarily Used mainly for engineering and scientific studies. 
analyzer to solve differential equations, usually making use | Can perform equation solving or act as a similator, 

of operational amplifiers and integrators. if desired. 
data Ce Digital type system with large memory storage High speed accounting, inventory control, produc 
processing whose main use is to reduce a mass of data into tion planning and machine scheduling control, 
usable form. Typified by large card storing and!) marketing studies, survey analysis, scientific data 
processing machines for office automation. reduction, census. 
digital Cz A comparatively large computer that can solve Any problem that can be programmed and that 
computer a wide variety of problems by processing digital’ can be handled by digital means. Widely used 
data in accordance with a flexible program. In- for engineering and scientific problems, election 
cludes memory devices, input-output elements,| forecasting, weather prediction, economic studies, 
accumulator, control element, instruction register,’ ete. 
and instruction counter. 
information Cg The giant brain sort of super digital computer Controlling an entire factory. At present mainly 
machine 


that can monitor and control a great many inter- 
related variables. 
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used by science fiction writers. Possibly present 
day digital computers will evolve into information 
machines in time. 


ELECTRICAL MANUFACTURING 





Stable RF Transformer Package 


Design of a stable RF bifilar transforme: 
for conventional or printed wiring sys- 
tems. Design features an internal printed 
circutt for coil termination and mounting 


of components. 


(a) (b) 

Fig. | -Experimental RF transformer modules. Unit shown at 
1) incorporates a detector diode. a loading resistor and a 
capacitor: 


il b 


a bifilar transformer with loading resistor is shown 


) 
Fig. 2 


Punching layout for internal printed cireuit board. 
Holes labeled 1 and 2 must be used for the coil supporting 
bracket; they may be incorporated in a ground bus on the 
chassis. Use of other holes is dependent on other requirements 
of the transformer package. 


DD. M. LISBIN 
Component and Materials Engineering 
Vagnetic Devices Section 


Westincuouse Aim Aru Division. Baltimore 


> 
RECEIVER CHASSIS SPACE LID 


| 
that part ol the design wo! 


to obtaining maximum 
= LI 
veneral design problem 


onmental tactors also 


produce 
the ability 
modular cir 
nted wirt 
necessary to meet humidity 


) ] | 
Procedure polarized, 
! 


julremen of Grade l. ( S 


ia 

perate in an ambient ot 
Point-to-point or printed Cl 

DV Incorpo! iting No. 22 AWG 


a standard O.1.in. grid 
standard mounting bushi 

\ small printed circuit b: 

ced with the transformer t 
the printed circuit lead termir 
ternal terminations for additional component 
is load resistors. detector diodes. transistor 
internal printed circuit board is so arranged ; 
modate variations in terminal 


spacings ol tne coll is 


sembly. There are two poss 


} i) } 


yositions for the four 


terminations of the coil or 


other components. This pr 


vision was made so that equipment requiring 


transformers having different electrical parameters could 


several 


be keyed to prevent improper insertion on a printed cir- 


Table I—Changes in Electrical Parameters Due to 
Epoxy Casting* 


L min = L max C Q (at Insulation 
uh) uh uf L min) Resistance 
See See See See 102 ohms 

Note 1 Note 1 Note 2. Note 3 See Note 4 


Before casting 1.32 2.66 0.81 140 
After casting 1.34 2.67 1.55 110 3.88 





cuit chassis. The punching diagram, Fig. 2. illustrates the the average changes in parameters due to casting in epoxy 
many possible keying configurations. resin are: 
Figure 3 shows a transformer assembly before and 


ifter casting in a standard epoxy resin. The transformer L, at min ————- 100 1.52 per cent increase 


is designed to employ coil form assemblies in current 
— : ie : ; LL, at max —~ x 100 1.49 per cent increase 

Primary electrical characteristics to be considered im 
this rf transformer design are: true inductance at mini- 
mum and maximum inductance. distributed capacitance. : — 100 = 9.3 per cent increase 
(). and the effect of the casting resin on these parameters. 

Laboratory tests on ten units produced the average 110 — 110. saints tiaiskaieehane 
figures listed in Table | 110 an = 

Average changes in electrical parameters due to cast- [he 1.5 per cent increase in true inductance is rela 
ing the transformers in epoxy resin were calculated as 


tively insignificant and can be very easily compensated 
follows 


The increase of 99.3 per cent in distributed capacitance 

is not as alarming as it appears. since the numerical 
nerease was in the order of only 0.8 yuf. This increase 
in easily be compensated for by its relation to the over- 

where il] strays and tuning capacitance in the circuit. 


() is in micromicrolarads Although = the ) decreased by 27.3 per cent, this 
is in megaeycles 


lini wer : parameter can be readily compensated for in the initial 
is In micronenrtes 


lesign of the coil 

The ten developmental units were subjected to the 
hysical tests specified in MIL-C-15305A. There was né 
fracture or pull-out of leads upon subjection to the 5-1] 


Substituting f 7.9 me (2) vields 


Li 


pull test. When the terminals were dipped in a solder 
pot. there was no softening of insulation or melting of 


ss 253% 10 is the package. 


, 9) 


Dividing both sides of (1) bv C vields: 


The units were locked at one particular inductance and 


ind therefore at 7.9 m«¢ nounted by means of the bushing. as for point-to-point 


wiring. They then were vibrated from 10 to 47 eps at 
Lee = ind L,, omens (4) (3) (0.25-in. double amplitude and 27 to 500 cps at 30 g’s. 
a The units sustained no damage: and the electrical change 


Using (4) and (5), the average parameters before and in inductance was less than 0.6 per cent. (This change car 
after casting are as derived in Table II. he attributed to a loosened locking nut.) 
Using the average figures presented in Tables I and II No mechanical failures occurred when the units were 


Table ll—Averages of Electrical Parameters L. and C 


Parameter Before casting After casting 


405 405 405 
C a at L 1.32 307 uu 134 302.5 upf 


405 405 405 
at uf 
C L..? L 2.66 152.5 uuf 2.67 151.5 


405 405 405 
at L 5 1.345 uh 
ip il 307 — 0.81 ~ 325 uh 302.5 — 1.55 346 


405 405 405 
at L : : u 
¢—=, * ne — 001 ~ ~O7F oh “sae 


Table Ill—Measurements of Insulation Resistance 


5, Polarized units Non-polarized units 
Initial insulation 


Unit No. resistance (10!2 ohms 500 volts d-c Test Final R; (10!2 ohms) 500 volts d-c Test Final R; (10!2 ohms 


4.50 Passed 0.18 
5.00 Passed 3.50 
5.58 Passed 0.25 
6.00 Passed 1.10 
5.00 Passed 1.75 
5.00 Passed 0.16 
3.50 Passed 0.85 
3.50 Passed 0.70 
3.30 Passed 0.50 
3.30 Passed 0.18 


CSCWCOONODUS Wh 
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subjected to 18 shocks of 50 g’s in all three planes. 

No flashover occurred when the units were elevated to 
a simulated altitude of 50,000 ft while 300 volts d-c was 
being applied between the mounting hardware and the 
winding terminals. 

No electrical or mechanical failure occurred when th 
units were subjected to 125 C for 25 hr and no electrical 
or mechanical failures occurred when the units were 
cycled from 65 to +125 C. 

No electrical or mechanical failures occurred when the 
units were subjected to immersion. 

All ten units were mounted on a metal plate and leads 
were connected between the coils of each unit so that 
polarizing voltages could be applied. The units were then 
placed in the humidity chamber. and a potential of 200 
volts d-c was applied to five units while all units were 
being subjected to ten cycles of humidity per MIL-E- 
5272, Procedure |. Aften the tenth cvele. and while still 
in the chamber. all units were subjected to 500 volts d-c. 
All units were then removed from the chamber and the 
resistances of the insulation between windings were 
checked at 500 volts. The results of the insulation check 
are presented in Table III. 

It can be seen in Table II] that the final insulatio 
resistance of the least satisfactory unit. No. 6, is 160. 
000 megohms, which is 160 times the 1000-megohn 
requirement of MIL-C-15305A for highest-grade unit- 
It can also be seen in Table II] that the final insulatior 
resistance of the best unit. No. 2. is 3500 times bette: 
than MIL specification. Furthermore, there was no me- 
chanical degradation of any unit. and all units performed 
satisfactorily electrically 


No electrical or mechanical failures occurred in any 


unit during 50 hr of continuous exposure to salt spray 


Acknowledgment 
This article is based 
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Remote Control Allows ooiiic occ 


Accurate Setting of °° ‘2 


available witl 


Variable Speed Drives 


\ NEW PRECISION CONTROL for infi 
nitely variable speed drives, designed 
for panel mounting at a remote sta 
tion. has been developed by Grahar 
Transmissions Inc., Menomonee Falls 
Wisconsin. 

This micrometer-counter type con 
trol permits extremely accurate re 
mote setting of required speeds for 
machine tool feeds, feeder and pump 
rate settings and proportioning con- 
trols. It is designed for use with the 
complete range of Graham _ infinitely 
variable speed drives from 15 to 3 hp 
Accurate settings may be made at 
speeds from any desired maximum to 
zero, and into full reverse if desired. 

Through this control the drive may 
be set to one part in 4000. Settings 
are put in by a crank geared to a Graham variable 
counter which indicates a single num mounted control 
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Fig. 3--Transformer assembly 
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Magnetic 
Shielding 
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How to specify and design magnetic 
shields for transformers. cathode ray 
tubes. photomultiplier tubes, etc. Fabri- 
cation techniques affecting performance 


as well as cost are described. 


W. S. SPRING 
Macnetics, Ine 
Butler, Pa. 


INTERFE RENCE FROM SPURIOUS MAGNETIC FIELDS is one 
of the perplexing problems encountered in design engi 
neering of electronic equipment. Well engineered circuits 
can be seriously affected by fields set up by neighboring 
components. Experience has shown that these effects can 
be minimized by the judicious orientation of components 
on the chassis. There are many instances, however. where 
this may not be accomplished due to space limitations 
resulting from miniaturization, etc. In addition many 
low-level applications can be upset by the earth’s mag- 
netic field, which is of the order of 1 gauss or less. 

This problem can be critical in amplifier circuits where 
the extraneous signal can be amplified thousands of 
times. For example, the field generated by the driving 
motor of a tape recorder is of sufficient magnitude to 
completely dominate the signal unless the record and 
play back heads are wel! shielded. The electron beam 
of a cathode ray tube can be bent by the field of a trans- 
former used in the circuit. The magnetic compass of an 
airplane is of such strength as to affect a radar scope 
6 ft away. Because of such effects, input transformers 
handling very low-level signals must be protected from 
any spurious fields. 

Some relief from this condition can be obtained in 
the design of transformers by using a hum-bucking con- 
struction wherein some of the fields are bucked out by 
splitting the windings on the magnetic core structure. 
Another solution is the use of a core structure in which 
the air gaps between lamination pairs, where fringing 
of the flux develops, are contained within the electrical 
coil. In general, however, the solution of most of these 
problems lies in the use of a magnetic shield around the 
affected component. 

The name “magnetic shield” is really a misnomer. 
since it would be better termed a “magnetic trap.” The 
shield is actually a low reluctance path in which the 
magnetic field is contained. For this reason shields are 
generally made of a high permeability nickel-iron alloy 
such as Allegheny Mumetal or 4750. Cast iron and other 
relatively low permeability materials have also beer 
used. Low permeability material can be compensated for 
by using much heavier thicknesses. For example, most 
nickel-iron alloy shields are produced in thicknesses of 
0.025 to 0.035 in., while a comparable shield in cast iron 
would probably require a 1 to 14 in. thickness. Wher 
weight and size are critical the nickel-iron alloys should 
be specified. 


Nesting of Shields 


There are many low-level applications where a single 
shield will not reduce the field to a low enough value. 
In such cases a nest of shields is necessary. Additional 
shields are placed over the first one to achieve the degree 
of isolation required. These should be completely sepa- 
rated from each other to insure maximum permeability 
of the group and a high reluctance gap between them. 
This is often accomplished by using 0.010-in. thick Kraft 
paper as a separator. 

In some cases, telescoping sets of nickel-iron and 
copper shields are used alternately without the paper 
spacers. The copper cans provide a path of high electri- 
cal conductivity. As a result the flux which passes 
through the first nickel shield will set up eddy currents 
in the copper shield, in turn generating a counter field 
which will buck out some of this flux. 
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Fig. 1—Effect of joint placement on permeability and shielding efficiency is shown by flux paths. 


Fabrication Techniques 


Structurally, magnetic shields fall into two broad 
those produ ed by deep drawing from flat 
blanks and those which are formed and welded. Due to 
the difficulties involved in deep drawing the nickel-iron 


allovs, the drawn shields are usually confined to the 


classes; 


smaller sizes. These are used in small input transformers, 
recording heads, relays. etc. The drawn shields usually are 
cylindrical in shape. although some tape recorder head 
shields have had a somewhat rectangular form. 

Because the nickel-iron alloys work harden very rapidly 
in drawing, generous radii must be provided to prevent 
tearing. In drawing Mumetal cans one must be careful 
to eliminate the strains developed as quickly as possible. 
The shields should be normalized at a temperature be- 
tween 1450 and 1600 F within 3 hr after drawing. Failure 
to relieve these strains will often result in intercrystalline 
fractures which do not show up until the final heat treat- 
ment at 2050 F. At this temperature the shields so af- 
fected split wide open. 

_ Shields for transformers, cathode ray tubes, photo- 
multiplier tubes, etc. are fabricated from flat, unannealed 
sheets. The material is bent on brakes or rolls and the 
joints are overlapped and spot welded. All holes and 
slots are pierced prior to the forming operation. After 
fabrication the shields are given the final heat treatment 
in pure, dry hydrogen at 2050 F to develop the required 
permeabilities. Before this final treatment, the perme- 
ability is only about 5 per cent of the ultimate developed 


(b) 


Fig. 2—Cathode ray tube shield using three-piece construction 
shown at (a) is relatively expensive because of difficulty of 
fabrication and because of the space taken up in the anneal- 


in the above annealing process. For the most critical 
applications, any deviation from this treatment will 
result in an inferior unit which is apt to have non-uniform 
magnetic characteristics in addition to lower perme- 
ability. In one case a manufacturer produced his own 
shields for a cathode ray tube, but was not equipped to 
provide the proper heat treatment. When these shields 
and rotated through 360 deg. 
considerable deviation in the electron beam was noted 


were placed over the tubes 


at various positions. These shields were then degaussed 
to eliminate this condition. When the same shields wer: 
properly annealed this condition was eliminated. 

It has been found that a °4-in. overlap of material is 
sufficient to prevent any penetration by the extraneous 
field. Likewise, spot welding at intervals of 1% in. or so 
is adequate. Solid seam welding of Mumetal is difficult 
and expensive. and is unnecessary. 

Placement of the joints in the shield surface has ar 
interesting effect upon shield efficiency. In a cathode ray 
tube shield, for example, joints in the axial direction will 
have little effect, but joints normal to the axis reduce 
the effectiveness of the shielding. Fig. 1 shows examples 
of these constructions and also the developed blanks 
from which they are formed. 

The blank used to form the shield without the axial 
joint has a maximum flux path, while the axial joint in 
the second example divides the blank into two parts 
which have lower permeance. The latter effect causes a 


decreased shielding efficiency. Likewise, if space and 


(Continued on page 15 


ing box. Where shield space and mounting requirements per- 
mit, economy can be achieved by specifying a simple frustrum 
of a cone which is adaptable to nesting in an annealing box. 
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Millivoltmeter Features Hybrid 
Augmented Cathode Follower 


Several unique aspects in design and circuit configuration make this transistorized a-c millivolt- 


meter a versatile instrument for measuring voltages over wide ranges of level and frequency. 


KE. J. PETERMAN, Chief Engineer 
Fisner Researcn Laporatory, Ine 
Palo Alto. Calif. 


[HE ACCURATE MEASUREMENT OF minute voltages of a 
variety of frequencies (power, audio, and radio) has in 
the past required the employment of bulky, expensive 
instruments. The use of transistors in such instruments 
has recently led to considerable reductions in size as well 
as some improvements in accuracy.” Among the new in- 
struments is a_ transistorized millivoltmeter (Fig. 1) 
which will measure a-c voltages as low as 20 microvolts 
and as high as 300 volts on twelve linear scale ranges at 
lrequenc ies from 5 to 10' cycles, 

This instrument in a sense reverts to older practices. 
however. by using one subminiature vacuum tube as a 
cathode follower input and in so doing provides an im- 
provement over the standard transistorized circuits. As a 
further improvement, the Fisher VT-3 millivoltmeter dif- 
fers from conventional vacuum tube voltmeters in that 
the a-c signal is not converted to d-c until after it is 





amplified. This process increases the instrument’s sensi- 
Fig. 1—Transistorized a-c millivoltmeter is lightweight and 
portable and will accurately measure voltages from 20 micro- 
volts to 300 volts at frequencies from 5 cps to 1 megacycle. 
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Fig. 2—Cathode follower input uses a vacuum 
tube augmented by a transistor to provide high 4 +30v [ sh 
resistance input without lowering gain too far a 
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switched into the cathode wer circuit t various 
: range settings to provide yuency res} SF 
tivity and eliminates the non-linear meter scales comm pensation. 
to instruments in which the signal is rectified before It will be noted that for full-scale voltage ranges above 
amplification 0.5 volts, the input to the cathode follower is reduced | 
Cathode Follower Circuits. The meter input circuit. 1 ratio of 1000:1 by the voltage divider composed of R] 
Fig. 2. is actually a “hybrid” circuit in that the vacuum ind R2. In measuring voltage 


tit 


ges of frequen lies over abo 
tupe ¢ ith 


1ode follower is augmented by the addition of a 60 cycles, Rl 
type 2N168A transistor. A signal from the plate of the ( 


tube is fed to the base of the transistor, which provides 


) ye 
{1 and R2 are bypassed by capa itors Ui ar 


23, whose reactances at the higher frequencies becom: 


less than the resistances of Rl and R2. apacitor ( 7 is 
idditional gain and supplies plate load for the tube. The idjustable so that the exact 1000:1 ratio can be obtained 


sain of this unique input circuit is approximately 0.885 n the capacitor circuit. Section C of the range selector 


as shown schematically in Fi 


aer is necessary tor the 


ind it is not affected by filament or plate voltage changes switch has a double blade 
h f 


which ordinarily influence the gain of a cathode follower. 

The voltage to be measured is applied to the cathode 
follower through section A of the range selector switch 
Sl and another section of the switch, also shown i: transistorized amplifier is shown in Fig. 3 
Fig. 2, transfers the input from the cathode follower t 


] 3. The first tw 
the transistor amplifier through a voltage divider com 


2 so that only one voltage divi 


igh and low ranges. 


Transistor Amplifier. The circuit for the four-stage 


stages are direct coupled, as are the third and fourth. 


m- An RC network couples the second and third stages. The 
posed of R& through R13. The value of Rl is 22 meg- d-c feedback to the emitter of the first stage is taken 
ohms. which is essentially the input resistance of the directly from the bridge rectifier to be described late: 
meter. Capacitors C2 through C6 and Cl2 and C13 are ind 


provides amplifier stabilization and temperaturé 


Fig. 3—First two stages of voltmeter amplifier are direct coupled and 
are connected to the third and fourth stages through an R¢ 


network 
with d-c feedback. 
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Feedbock aa Fig. 4—Voltage being measured is not 
rectified until after it is amplified to in- 
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linear meter scales. 
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compensation. Interstage a-c feedback further stabilizes 
the amplifier gain. 

The terminals marked “output” on the emitter of the 
final stage permit the use of the millivoltmeter as a 
broad-band amplifier with a gain of 65 up to a frequency 
of one megacycle. The instrument may be used as an 
amplifier at the same time that it is being used to 
measure a voltage with negligible effect on the accuracy 
of the meter readings and without causing self oscillation. 

Rectifier and Meter. The response of the meter in 
the VT-3 millivoltmeter is linear since all of the current 
flowing through the bridge rectifier also passes through 


the feedback network (Fig. 4). Meter error which might 
be caused by the rectifiers in the bridge is corrected by 
similar rectifiers in the feedback network. The output of 
the feedback network is applied to the emitter of the 
first stage of the amplifier as previously described. A large 
capacitor across the meter winding provides damping 
for the meter. The accuracy of the meter is 2 per cent 
of full scale for frequenies between 10 cps and 600 kilo- 
cycles. Over the broader range of 5 to 10° cycles, accuracy 
is 3 per cent of full scale. It is designed for operation in 
temperatures from 20 F to +120 F with an additional 
error of not more than 1 per cent. 


Clamp-Type Microammeter 
Developed for High Frequencies 


The ammeter with a split-core transformer which can be used to measure current without break- 


ing the circuit has long been in use in high-power. low-frequency work. A new design. using a 


transistorized amplifier, applies the same principle to audio and radio frequencies. 





Fig. 1 


Microammeter with clamp-type transformer for sensing 
current, Approximate size and location of C and I laminations 
of core are shown. 
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\ PORTABLE, CLAMP-TYPE, transistorized microammeter 
developed at the National Bureau of Standards by G. F. 
Montgomery and C, Stansbury provides a rapid, con- 
venient method of measuring small alternating currents. 
For many years, it has been common practice to extend 
the range of current-indicating instruments by using 
current transformers. For convenience, the transformer 
often consists of a secondary winding on a split core 
which can be clamped around the conductor carrying the 
current to be measured. This technique suggested a similar 
device for measuring small currents at audio and radio 
frequencies. On the prototype instrument built by the 
Bureau (Fig. 1) the lowest range is 200 microamp full 
scale and the highest is 200 ma. The frequency range is 
from 50 cps to 100 kilocycles. Instruments embodying 
the same principles can be used for lower as well as 
higher ranges. 

Design of Clamp. The clamp. or transformer core, 
consists of 0.0]4-in. . silicone-steel 


formed of matching C- 


laminations. It is 
and I-shaped sections, the I’s 
closing the gap of the C’s when the clamp is closed. The 
completed core is °4,-in. square, 14-in. thick, and con- 
tains a 14-in. window. and it is mounted in a spring- 
loaded phenolic plastics clamp which is approximately 
the size and shape of a common clothespin. The legs of 
the C project up from one jaw of the clamp while the I 
is contained in the other jaw. A pin passes through the 
center of the I, providing rotary movement in the plane 
of the jaws so that the I seats itself properly on the pro- 
jecting legs of the C as the clamp closes. Shielding with 
Mumetal minimizes sensitivity to external magnetic fields. 

There are two windings on the C portion of the core. 
Each is made up of 250 turns of No. 44 enameled magnet 
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Fig. 2—Schematic diagram of microammeter shows cascaded 
pairs of transistor amplifier stages. All transistors are type 
2N105. Rectifiers are type IN34 diode- 


wire. The four coil leads are combined into a shielded 
cable which plugs into the meter. One of the windings 
on the core provides the actual signal pickup which is 
induced in the core by the current being measured. The 
other winding also has an induced signal which is used 
in a feedback network to provide frequency equalization. 
By using this additional winding, the output of the trans- 
former for a particular current being measured is made 
approximately linear over the frequency range from 100 
cps to 100 kiloeyeles. 

Circuit Design. The circuit of the transistorized 
amplifier for the microammeter is shown schematically in 
Fig. 2. The first stage is a pre-amplifier consisting of two 
transistors and the feedback network for 
equalization. There is very little gain in this stage. Two 


frequency 


intermediate stages, each containing two transistors, pro- 
vide current gains of about 20 in each stage. Each stage 
uses direct coupling from the first transistor to the sec- 
ond and there is feedback within each stage to stabilize 
the d-c operating point. The RC coupling networks be- 
tween these stages are varied by the range selector switch 
to maintain proper gain. 

The indicating meter, with a 200-microamp move- 
ment. is driven through a full-wave bridge rectifier which 
is connected to the final stage of the amplifier with nega- 
tive feedback for linearity. The linearity of response of 
the entire instrument is within the 2 per cent specifica- 
tion of the indicating meter. A switch just before the 
last stage of the amplifier provides for use of an external 
meter. 

Performance. When current is measured with any 
type of instrument, an impedance is in effect inserted in 
series with the circuit. For this microammeter, the inser- 


Fig. 3—Graph showing response of micro- 


ammeter over wide 


ilrequency range 


tion impedance Is made up of a resistance of 2.8 x 10 


ohm and an inductance of 2.2 x 107 henrv in parallel. 
In the Bureau’s prototype unit. the high-frequency limit 
is imposed primarily by the limitations of the transistors 


used although. even if high-frequency transistors were 
used, the maximum frequency would probably not be 
more than three or four times the transformer resonant 
frequency of 120 kilocycles. Instruments designed par- 
ticularly for high frequency would make use of a mor 
appropriate core material and a construction designed 
to minimize distributed capacitance. OC 
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Microwave Properties of 
Solid Dielectrics up to 3000 F 


. . ° . : : : (.URREN N tES N \ »MEN sul g 
Reliable electrical insulation is incredas- RRENT INTEREST 1 THE Dt ELO! 1IENT Of} in ulating 

structures capable of giving high-quality performance 
ingly required jor perjormance at super- it microwave frequent ies over wide ranges of te mpera 


ture, such as are encountered at the surfaces of hyper- 
sonic space vehicles, has motivated extension of the 


range to 3000 F. This report presents study of the important electrical properties of struc 


high frequencies and over a temperature 


, turally competent materials into the range between 2000 
results of a test program on various solids F and 3000 F. Special apparatus capable of measuring 
. : ; the dielectric constant and loss tangent throughout this 

and draws applications conclusions. 


temperature range has been constructed and utilized. 
For most solid materials the values of both the dielec- 
tric constant and the loss tangent change reversibly at 
a rate which increases with temperature. and in some 
cases increases quite suddenly. It is possible. by use of 
D. M. BOWIE the apparatus which will be described, to evaluate the 
Metprar, INCORPORATED rate of change of the dielectric constant with tempera 


Falls Church, Virginia ture throughout the range from room temperature to 


Fig. 1—Diagram of apparatus designed for measurement of microwave properties of solid dielectrics at super-high frequencies and 
at temperatures up to 3000 F. 
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generally the lowest of the following limits imposed by 

a material: 

1. The limit of reversibility of change in the dielectri 
constant; 

2. The practical limit of operation of the materials as 
a dielectric imposed by increase in the value of the 
loss tangent: o1 

3. The melting point of a structural component of the 
material. 

In this discussion the essential features of the method 
of testing applied to the above range will be described, 
and selected data showing characteristic variations of the 
dielectric properties with temperature will be shown. 


Method and Apparatus 


Measurements of dielectric constant and loss 
made at 3000 mc/sec by use of the short-circuited-line 
method (/)* employing rectangular waveguides of stand- 
ard dimensions made of several high-temperature metals. 
The apparatus and the electrical features utilized are 
shown diagrammatically in Fig. 1. With the exception 
of the test waveguide, heating equipment and a controlled- 


were 


atmosphere system, the apparatus was made up entirely 


of conventional microwave components, arranged as 


shown. Correction was usually made for clearance be 


tween any sample and the broad faces of the waveguide. 


The cross-section in Fib. 2 


details the important fea 
tures of the special waveguide designed for use in the 


required range between 2000 F and 3000 F. The as- 


*Ita . rentheses a Cite Referer 
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tangent epoxy- 
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sembly is bolted in position inside a cerami tube used 
to contain a protective atmosphere. For the waveguide 
itself, a brass choke attached by 
brazing to a rectangular waveguide section of standard 


standard flange was 
cross-sectional dimensions approximately 2 ft in length. 
Sections of this fabricated of 
austenitic stainless steels (Types 304 and 347). Inconel 
(a high nickel alloy), and molybdenum. In every case 
this was done by welding strips with machined edges 
(thickness ranging between 0.080 and 0.093 in.) to form 


des ription were two 


four corner seams, utilizing a modified inert-gas-shielded 





Fig. 2—Detail cross-section of test-cavity mounting for operat- 
ing in range from 1500 F to 3000 F. 
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arc-welding technique. A sliding short circuit, not shown 


in the figure. was used in order to facilitate removal of 


the sample in instances in which melting or serious dis- 


tortion occurred. 


Results 


In Fig. 3, the effect of repeated heating of an epoxy- 
slass laminate is shown. Measurements were made neat 
thermal equilibrium at a number of elevated tempera- 
tures in the time sequence indicated by the dashed line 
denoting the temperature runs. At the beginning of 
each run, room-temperature readings were taken. A com 
paratively high rate of increase of dielectric constant 
with temperature occurs in the lower temperature range. 
which is attributed to the epoxy resin rather than to 
the glass. This change is shown to be nearly reversible 
between room temperature and 450 F. However, irrever- 
sible changes affecting the observed value of dielectri 
constant (A’,) beginning 
00 F. are 


n the range between 450 and 


indicated. Approximate values of average 


time rate of change of dielectric constant as a function 
of temperature above the limit of reversibility might 
be deduced from the data given. 

(Qualitative interpretation, however, is preferrable since 
values plotted in the range of irreversible change have 
not been corrected for reduction in sample size asso- 
ciated with the evolution of volatilized components of 
the material in the form of smoke. It is considered sig 
nificant that the irreversible change in measured value 
f dielectric constant first occurred near the lowest tem- 
perature at which smoking was observed. An increast 

loss-tangent value from less than 0.01 at room tem- 
perature to approximately 0.07 at 600 | is observed. 


This change n loss tangent is shown to be essentially 





ig Dielectric properties of several high-density 


TLECTRICAL MANUFACTURING 


reversible over the entire range from room temperature 
to the melting point of the resin. 

Results of a similar series of temperature runs made 
on a silicone-asbestos material are shown in Fig. 4 
Because of the higher-temperature capability of this ma- 
terial, runs were extended to over 1000 F. This ma- 
terial shows in general (1) a higher degree of revers- 
ibility of dielectric constant with temperature than the 
epoxy laminate tested; (2) a much lower rate of change 
of both dielectric constant and loss with temperature: 


9 


3) a higher temperature limit at which irreversible 
changes affecting the value of dielectric constant become 
significant. These data indicate this limit to be between 
600 F and 700 F. 

Proceeding to materials of progressively higher-tem 
perature capabilities, Fig. 5 shows the results of tests 
on three high-density materials from room temperature 
to the useful limits of the respective materials. The first 
of these, Mycalex 400, exhibits a gradual increase in 
rate of change of dielectric constant with temperature. 
with a total increase of approximately 15 per cent 
in the dielectric constant between room temperature and 
the material's melting point. The loss tangent is indicated 
to remain nearly constant at less than 0.0] from room 
temperature to between S00 and 900 F, but increases then 
quite rapidly to a value of approximately 0.05 at 1100 
Fk. which is in the softening range. 

Data from two dense high-alumina ceramics are shown 
also in this figure: the first. identified as Almanox 4462, 
reported to be a mixture of alumina and manganese 
oxide, made by the Frenchtown Porcelain Company: the 
second (in order of increasing high-temperature elec- 
trical capability ) made by U.S. Stoneware Co.. having 


approximately 95 per cent alumina content The curves 


u 


materials from room temperature to limits of material at 3000 me. 
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Fig. 6—Fractional variation in guide 


different dielectric materials. 


of dielectric constant versus temperature fo the two 


materials show very 


similar characteristics. which may 


be attributable to the major constituent in both cases 
beme alumina 

These materials exhibit verv low loss (tan ? 0.00.] 
ver a wide range of temperature elevation: however 
the loss tangent of both materials 


increases abruptly 
n the 


high-temperature range, rendering each of the 


materials unsatistactory as a dielectric above a well-de- 


fined te mperature limit. For the Almanox this limit occurs 
at approximately 2000 F, 


whereas for the 95 per cent 
ilumina it occurs at approximately 2500 F. It is prob- 
ible that the difference of several hundred degrees b 
tween approximately 600 F and 1800 F. There is indica- 
stituent, indicating a strong dependence of high-tempera- 
ture electrical behavior on purity of material of this 
type. A range of minimum variation in dielectric con- 
stant with temperature occurs for these materials be- 
tween approximate ly 800 F and 1800 F. There is indica- 


tion of a plateau in the loss-tangent curve of Almanox, 


which needs confirmation. 


General Discussion 


Dielectric materials can generally be placed in two 
classes regarding the effect of temperature on mechanical 
and electrical properties. Materials in which the change 
in dielectric constant is controlled by the thermal ex- 
pansion of the material form one class. Several theo- 
retical relationships have been proposed relating dielec- 
tric constant to density for materials in which no change 
in electrical characteristics of the elemental particles is 
assumed to occur, the best known of which is the re- 


lationship of Clausius and Mosotti. (Treatment of these 


various relationships is given in reference 2). A nega- 


tive relationship between coefficient of dielectric constant 
and coethcient of expansion is cenerally predic ted by 
theory. the ratio of the two coefficients being generally 
a function of dielectric constant. 
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wavelength with 
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2000 


temperature in stainless steel waveguide filled with 


In the second category are to be placed materials 
which changes occur in dielectric constant with tempera 
ture independent of thermal expansior In many 
stances with solids the dielectric constant is found to 
ncrease with temperature while the material als 
dergoes ¢ xpansion. The increase in this case is general 
ascribed to changes micros elect p erties 
f the material 

Results indicate that { st the s class 
Teflon-glass materials tested, the change in dielectri 
constant with temperature s controlled largely bv the 
thermal expansion of the materials. The effect of the 
expansion rate being of higher-order than other « 


I 
tributing effects causes the temperature coeff 





electric constant to be negative in most cases tested. The 


low thermal expansion rate of glass-fabric laminates 


is indicated to be directly associated with the relatively 
low magnitude of the temperature coefhicient of dielectri 
constant exhibited by materials of this class 

For most ceramic materials the expansion rate is 
relatively low, and is generally uniform over wide ranges 
of temperature. The value of dielectric 
ever. independent of the expansion. generally increases 
with temperature due to micros¢ opi electrical changes 
‘lecular level. The rate of 


occurring probably on the 


increase oft both dielec constant and loss with tem- 


perature is often not regular. and tor some _ dense 
ceramics. ranges between wide limits with temperature 


see Fig. 5 For the several foam ceramics tested. in- 


dication of lower values temperature coethcient of 
dielectric constant. as well as lower values of dielectri 
constant itself. lavor the ulility ot tl is Class over the 


dense ceramics 


Applications 
While the value of ter pre rature coe thie ient ot dietectru 
constant desired in a material may vary with the ap 


( 
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Rectangular = <i»y of enclosure.” The int a bd tir a eS ted ene 


t 
not as easy however 


Magnet Wire the increasingly popular toctuniales ol It is evident that reshaping 


gnet wil In this applica uunding,” the wire 


oO! 


so 


problem ne of inscribing 


as possible 


BASCHKIN, Pr 
Nn Division, B 


RNDY €.O 


i circle. heiency 


ATION OF compre scat t f th and on the same 
Ss naec vire or cable , 
tranded wir r cable, (B). The pre-roundin 


lition to improving the 


tine periphery 


eonnection permits tl 
connector and 


connection Dy 


pneumats al 
ilso ivailable 
with cross 


to O GOS 


Fig. 1—Efficiency of enclosure is defined 
as the ratio of cross-sectional area of 


rectangular wire to area of circumscribing 
circ le . 


a 


Fig. }—Hand tool made by Burndy Corp. 


and pre-rounded has dual die set for pre-rounding rectan- 
a, ratio (B) rectangular wire before and after 
of long side of rectangle to short side. 


Fig. 2—Graph showing variation in ef- Fig. 3—Regular (A) 
ficiency P for various values of 


gular magnet wire and crimping connec- 


crimping of connector. tor. 
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Epoxy-Resin 
Bright Finish 


\N EPOXY-RESIN FINISHING 


SYSTEM de- 
veloped by Rexton Finishes, Inc., Irv- 
ington, N. Be produc es brass colored 
finish described as highly resistant to 
scratching, peeling, discoloration, dull- 
ing, or tarnishing. Strong adherence is 
obtained on plastics or metallic sur 
faces, including properly prepared zin« 
The finish 


is prepared by spraying a liquid epoxy 


ind aluminum die castings. 


formulation on the metal substrate 
Then a brass slurry is sprayed on the 
After the slurry 
top coat based on epoxy resins 
The cures 


quickly to a tough, hard surface. Dry- 


wet surtace. 


is cured, 
i clear 
is sprayed on. coating 
ing may be speeded even more in infra 
red baking 


Several 


systems when desired 


examples of application are 
illustrated. Bakelite’s epoxy resins are 


user 


RCA Victor table model TV receiver uses 
in epoxy-resin bright finish on the pie- 
ture tube bezel, top decorative strip and 
the swivel base. 


{ 2-tone bezel (gold and brass epoxy- 
resin finish) for an RCA portable TV set. 
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Dual-Function Motor Is 


Fig. 1—Drive to the headstock of the 
Monarch Dyna-Shift lathe is 
through multiple V-belts from a 
mounted on 


Series 90 
motor, 
a hollow base which is ad- 
vertically 
the hydraulic 


justable and which contains 


pump for supplying hy- 


draulic power to shift the headstock. 


\MIOUNTING 


DRIVE 


MAIN HEADSTOCK 
vertl ally 


ible hydraulic imp tank, Fig 


ip 


MOTOR 

extra pump 

2 and Series 
Monarch Macl 

The hydraulic p 


located 


driven by a 


oo] Company. 
which is within 


groove in the 


gement. The pu 


cor trol 
Shift 
Adjustment pump 
tension is by a sr. Ad 
the multiple V- 


belt 


istment of 


drive 


eave in the headstoc] 
or lowering the 

a screw which 

vertically on 1our 
After the adjustment 
the tank is clamped to the 
load 
to provide a 
This particular mounting was con- 
sidered the 
permits great accessibility of the mo- 


Electrical | 


mecnank al 
tenance 


sup} 
posts i 
remove the from the 
rigid mounting 


most desirable because it 


tor. and main- 


can be performed easily, and 


if desired. a larger motor can_ be 
mounted in the same location because 
there is no limitation on space such 
as is imposed on motor mountings in- 
cabinet leg. Motor 


has also been found to be considerably 


side a ventilation 


improved. Furthermore, the exterior 
and 


to drip 


coolant 
liquids are less likely 
And when the 
dirty, it is 


location is cleaner since 
other 
unnoticed. motor does 
more likely to be 
cleaned promptly because of its ready 


accessibility. 


become 


End mounting of the motor on these 
Monarch 


lathes is also regarded as 


End-Mounted on Lathe 


lathes is mounted on sup- 


rear of the 


nead 


location makes it 


motor connect 


is through Tite-flex tubing, to 
short. The 


relatively welded en 


contains the line circuit break 


main forward and_ reverse 
the coolant pump starter, the 
rol transformer, and on the Series 


transtormer 


to the 


which supplies en- 
carriage-mounted rapid 
a trolley rail. 
starter for the 
pump of the air gage trace: 


se motor through 


may also contain a 
hydraulic 
which is 
these lathes. 
in the enclosure make use of multiple- 


strand wire having *64 in. 


optionally supplied with 


The control circuits with- 


insulation 
Panel Channel is used to complete the 
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Fig. 2—Enclosure for electrical controls 
is mounted directly at rear of the head- 
stock. It is of welded construction and 
has a gasketed door. 


orderly nanner ind to 


workmanlike appearance. 


he enclosure is connected by seam 


' 


steel tubing to a control compart 


headstock. 


passes through the 


in the front of the 
g lowe! 
the headstock and is pro- 
thread and O-ring 
headstock sealed 


it the front 


with pipe 


ep the 


contains 
buttons te 


with 


stop 


Ope 
when the mist lubrication of the 


l 


headstock Is operatin properly, in 


a) ! 
observation port. is 


provided in the 
front of the headstock with a light 


"9 
at 


ac epemm cs 


Control 
pushbuttons, 


panel includes | starter 


horsepower meter and 
preset dials for obtaining spindle rpm 


work 


surface speed manual settings. 


corresponding to diameter and 


150 


directed into the interior to illuminate 
the mist. 

Also mounted on the headstock panel 
is a horsepower meter chosen because 
it is believed that this indicia is much 
more useful to the lathe operator than 
simple half load and full load indica- 
tions. The machining data furnished 
with the lathe 
information for 


contains horsepower 
various cuts. This 
meter, connected into the main motor 
drive circuit by means of a_ trans- 
former, also serves to warn the oper- 
ator against overloading the motor 
Speed changing is accomplished by 
simply setting the surface speed in- 
dicator to the cutting speed desired 
and setting the work diameter dial 
the diameter to be turned. When 
manual hydraulic shift lever is 
actuated, the headstock automatically 
supplies the correct spindle speed. In 
addition, the surface speed and dia- 
meter for the next cut can be preset 
while the lathe is cutting, thus mark- 
edly reducing production time on mul- 


tiple cut work 


Design Factors 
in Using MgO 
in Heaters 


G. E. PRICI 
W ESTINGHO 


Pittsburgh, Pa 


\IAGNESII nerally reco 


nized today satistactory 


insulation for use in sheathed-type heat- 


ng elements In the overall process 


from raw material to end equipment, 


there are several important factors 
which must be watched if satisfactory 
heaters are to be obtained. The meas- 
ure of a successful heater is deter- 
mined by the standards of NEMA and 
the Electrical 


which prescribe that a heater be oper- 


Testing Laboratories 
ated on 5 per cent over-voltage for a 
total of 3500 hr without failure and 
meet periodic electrical proof test 
factor to be 


considered is of course the type and 


specifications, The first 


quality of magnesium oxide to be used. 


The accompanying graph shows the 
performance of heaters filled with vari- 
ous types of oxide. 

Having chosen the material it is 
necessary to obtain from the supplier 
batch to 
batch in order to maintain the proper 


design parameters of the heater. By 


uniformity of quality from 


maintaining rigid controls on all in 
coming oxide, production problems are 
held to a minimum, defective heaters 
are practically eliminated, and top 
quality heaters are manufactured. 

Not only is it necessary to control 
the oxide as received, but the material 
must be kept clean throughout the 
fabrication of the heater. All parts that 
are used in making a sheathed heater 
must be thoroughly cleaned and check 
ed periodically for cleanliness, partic- 
ularly with regard to the presence of 
oil, nickel sulphate, acid and chlorides 
week all 


magnesium oxide is stored should be 


Once a hoppers in which 
emptied and thoroughly cleaned. An 
other source of contamination, and the 
hardest to control, is dirt, oil, per 
spiration and acid on the loading-ma- 
chine operator’s hands. To appreciate 


the reasoning for such rigid control 


Performance of sheathed-type heaters filled with various types of magnesium oxide 
under test prescribed by NEMA standards. Tests are conducted at 236 volts, 1250 watts 
and insulation resistance is measured periodically. 
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to prevent contamination, it should be 
pointed out that 14 of a drop of oil 
or the slightest trace of acid, alkali on 
nickel sulphate will greatly affect in- 
sulation resistance and dielectric con- 
stant. 

Before tests are conducted on mag 
nesium oxide from a supplier, the first 
requirement is that the material be in 
accordance with specifications with 
regard to grain size, weight per cu ft 
tap density, fill density, final density. 
electrical resistivity, and heaters made 
with the material must pass all engi- 
neering tests. It has been determined 
that the thermal conductivity of mag 
nesium oxide is practically a straight 
line or a constant between 500 and 
900 C. However. the thermal conduc 
tivity varies with the pac king density 
in the heater. Oxide compacted in 
heater to a density of 3.00 gm per « 
cm will have a thermal conductivity 
approximately 0.00212 cal-cm/sq em 
sec/ deg \ ‘ ial experience 
heaters fabricated with a good grade 


of electrica tu I I lum oxide 


Vertical form of motor generator for 


will have i tisfactory life 
: remote equipment control 
final density i below 2.90 
cu cm and a conductivity of 
mately 0.00200 


Motor Generator 
for Remote 
Equipment Control 


THE VER Al rOR GENERATOR SET 
illustrated ha n dey hoped Dy Kato 
Engineering Co. ¢ inkato, Minn.. for 


the particular providing 


New Concept in 
Control Transformer 
will interrupt frequency-selective cir Design 


cuits, enabling pov julpment to be 


During ~ 


ods ot high power consumption 


360 cps power f l on rural powe! 
lines tor the on off control ot equipme nt 


on the lines. The 


higher frequenc 


i 


le lines 


when placed on ordinary 60 ev 


turned on or off ret 


given area, for instance, the motor 

erator is applied to shut off equipment marily i le trar rmation of second 
1: ' 

such as water heaters on 1e n Vv distribution ag of 600 volts 


When the 


lines falls to some lower level. the same 


power consumption on } or less, to lower! power circuit voltag 
required for lighting and control pan 


frequency-sensitive controls will re Such transformers have standard 


spond to a 360 evele signal and turt ige ratings such as 600/120. 


the heaters on ind the like. To meet the needs of many 


: , 1 . aa 
The motor and generator are on a electrical and electronic equipment 


common shaft. with grease-sealed ball manutacturers, however, it Is necessary 


bearings. The motor is synchronous, 3 


to design control transformers to deliver 


> | 


phase 60 cps, rated at 3 hp at 1800 
rpm. The 


output voltages of practically any value 
generator output is single from 0 to 600 volts. with primary or 
yhase, 1 kw at 200 volts. Other voltages 
I 


and ratings are available. All of the 


input voltages also varying far from the 
standard distribution line voltages 12 
motor generator sets are distributed by 240, 480. and 600 volts. Transformers of 
the Control Corp. of Minneapolis. this nature are required to perform 


The top unit, the generator, has a such functions as relay and contacto1 


pick-up, filament lighting, a-c to d- 
buck-boost, low- 


ras or oll ignition through the 


powe! rectification 


ice heating elements, and 
Because of their “non- 
transformers 
“special” category, neces- 
special inquiries to the trans- 
manufacturer, special design 
otations, etc. 
ctronic Industries Association 
enized the need for some 
ot transtormer sizes 
o, when they published a 
dard” transformer core 
low power ratings Al- 
iided materially in 


mensions 0 


these 


} 


erminead 
1or 
rating 


jeclon 
design 


Fig. Design of control transformer 


series includes open construction for 
direct wiring and enclosed types for con- 
duit wiring. Wiring diagram is printed 
on the bottom of the bushing board in 
open construction and on the inside of 


the access cover in enclosed units 
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cept tor a complete range of powe1 
ratings from 25 va to 2000 va. Follow- 
ing the standard industry pattern of 
volt-ampere steps set by the National 
Electrical Manufacturers Association 
(NEMA), a total of eleven “frame- 
sizes” were established for the com 
plete power range. 

Frame-sizes, and power and voltage 
classes are shown in the Table. 

The basic frame size number fixes the 
physical size of the transformer corte 
and coil, for a given transformer powe1 
rating. The frame size numbers indi 
cated in the Table, are part of a com 
plete pattern of numbers established 
for all of the EIA laminations, in addi 
tion to others. Each basic core lamina- 
tion size is preassigned a “100” number 
series; e.g., lamination EI-75 with a 
j-in. center leg is preassigned series 
“400”. The last two digits of a frame 
size number represent the length of 
stack, in inches, in accordance with 
fixed, preassigned, standard stack series 
For example. “09” represents 24-i1 
stack. Thus a “409” frame size number 
signifies a *4-in. stack of the standard 
lamination “EI-75,” at all times, regard- 
less of constructional features 

Different constructional features, suc! 
is Open-wiring, or wiring compartment 
ire handled simply by the addition of a 
suitable suffix letter to the basic frame 
size number. 

Two bask constructions have beer 
designed, the open-wiring construction 
with insulated leads for external wit 
ing, and, the wiring compartment co! 
struction for conduit wiring. Fig. 1. A 
particular transformer rating would 
utilize the same basic transformer core 
and coil regardless of the construction 
desired. 

Most control 


utilize standard core laminations with 


transforms rs today 
holes in each corner, or slots, for secur 
ing the core stack. Usually bolts and 
nuts, or rivets are used as fasteners 
This system of fastening has proved to 
be a constant source of high excitation 
losses, particularly in higher grade 
grain oriented core laminations. Not 
only do the holes in the laminations pro- 
vide additional undesirable gaps in he 
magnetic circuit, but also the use of 
bolts or rivets through the holes present 
a continual hazard of shorted lamina 
tions. unless the bolts or rivets are suit- 
ably insulated. This is generally neither 
economical nor feasible. Poor utiliza- 
tion of core materials results in large 
transformers for a given volt-amphere 
rating. 

The “four-poster” case construction 
in this new design utilizes standard core 
lamination sizes, without holes. Instead 


Fig. 2 


Control transformer exploded view 


showing “four poster” case construction 


This design secures the lamination stack without the use of insulated bolts or rivets 


which are frequently a source of excitation losses 


if securing the core stack through holes 
in the laminations, with bolts or rivets. 
the core is positioned in a one-piece 
compartment sleeve with angle posts 
which hug all four corners of the core, 
providing an even, uniform stack as 
shown in Fig. 2. The four posts are 
projec tion welded to a metal end shield 
which supplies a uniform pressure to 
the stack. and, also encloses the ex- 
posed transformer coil end. A separate 
metal access-hole cover completes the 
enclosure of the transformer. 

Many advantages are achieved by the 
“four-poster” construction It provides 
optimum use of high-grade core mate 
rials for size reduction. It provides a 
rugged, more sturdy transformer which 
will withstand vibration and shock en 
countered in many industrial applica- 
tions. The three-piece construction pro- 
vides a neater, more streamlined ap- 
pearance. It eliminates much handling 


in production and is adaptable to semi 


iutomatsh methods ot manul 
sulting in shorter manufacturing cycles 
The recent development of improved 
wire for higher operating temperatures 
such as G.E.’s “Alkanex” and of i 
proved “thin-sheet” higher temperature 
layer insulations led to the establis! 
B” design for this series 
The Class “B” insula- 
tion system utilized has been fully ap- 


ment of Class * 


of transtormers. 


proved by Underwriters’ Laboratories 
and transformer accelerated life tests 
over a period of a year and a half have 
indicated extremely long life may be 
expected. 

The use of Class “B” design along 
with high-grade grain oriented trans 
former steels, and va uum-pressure 1m 
pregnation results in a reduction of 
volume and weight over equivalent 
Class “A” designs of fully 30 to 35 
per cent. Size and weight are important 
in any equipment comprising accessory 


components. 


Control Transformer Ratings and Frame Sizes 


Primary Voltage Secondary Voltage 


Frequency 
Class 
Cycles 


Volt-Ampere 
Rating Class 


50 60 25-50 
50 60 75 
50 60 100 
50 60 150 


50 60 200 
50,60 250 
50/60 500 
50 60 750 


50/60 1000 
50 60 1500 
50 60 2000 


Class, Single or 
Series Multiple 
Windings 


0-600 


Class, Single or 
Series Multiple 
Windings 


Transformer 
Frame Sizes 


0-600 609 
= 612 
613 

813 


814 
815 
1017 
1021 


1221 


1223 
1227 
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the most complete line 


TRANSISTORIZED of POWER SUPPLIES 


V. R. P. s.* 


REGULATION (for line or load) 0.03% 
or 0.003 Volts aac is greater) , 
RIPPLE 1 mv. rms. | | emeien 


| Impedance 
RECOVERY TIME 50 microseconds 4 Output [Output | Dc. | 1KC- | Rack Mount | 
STABILITY (for 8 hours) 0.03% or 0.003 = ——- ' > 
Volts (whichever is great ter) 


Tubeless. 

0.005% resolution with 10 turn 
voltage control. 

Continuously variably output voltage 
without switching. 

External overload and short circuit 
protection included. 

Either positive or negative 

can be grounded. 

Units can be series connected. 
Suitable for square wave pulsed loading 
Power requirements: 105-125 volts, 
50-65 cycle. 400 cycle units available 
Terminations on front and rear of unit 


High efficiency. eae, i foe ad C O 
Low heat dissipation » 
Compact, light weight. ~-LABORATORIES, INC. 


Color: grey hammer tone. maj f° 131-38 SANFORD AVENUE © FLUSHING 55, WY 
Suitable for bench or rack use. a 
Voltmeter and ammeter provided. 


Oo PM 
¢ DY Cc ¢ > 
LOO O1EaQ POO, oO 
, t : : A 


w 


INDEPENDENCE 141-7006 


KEPCO OFFERS MORE THAN 120 STANDARD VOLTAGE REGULATED POWER 
SUPPLIES COVERING A WIDE RANGE OF MAGNETIC, TRANSISTOR AND TUBE 
TYPES. MOST MODELS AVAILABLE FROM STOCK. SEND FOR BROCHURE B-581 


Model 
$C-32-0.5 
$C-32-1 
$C-32-1.5 
S$C-32-2.5 


Visit our Booth No. 2636-2638, |.R.E. Show, March 24-27, New York Coliseum. 
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Pole body 
(magnetic Spoke 


Brushless Alternator sen Geass ee ne nenitte 
Fills 
High Frequency Need 


THE NEED FOR EXPLOSION-PROOF, high 
frequency power sources tor aircrait 
and missile applications has led to the 
development of a new type of brushless 
alternator. A product of the Aerojet 
General Corporation, Azusa. Calif.. the 
new alternator has no moving parts ex- 
cept a rotor which is fabricated from 
solid metal and non-magneti parts. 
Slip rings and brushes are eliminated 
Since the conductors do not move. ce 
ramic or glass-served magnet wire can 
be utilized to make the alternator espe 
cially suitable for high temperature ap 
plications (430 C and above Pres 
designs of the brushless alternator pro 
ide ranges from 0.5 kva to 125 kva Fig. 1 Cutaway view of four-pole brushless alternator showing flux paths 
with larger sizes possible. Frequency 
ranges are from 60 to 7000 cps s 
Le ei Be Table I—Typical Characteristics of Newly Developed 
ilternator shown in Fig. 1 illustrates Brushless Alternators 
the basic principle of operation of the 
machine. Flux is induced in the rotating 


Weight, Size, in. 
shaft by two stationary field coils lo- Cycles Duty Ib length x OD 
cated at either end of the rotor. From ; 


the shaft. the path of the flux is up 
through the pole body and across the 


oOo 


400 Cont. 
800 5 min 
7000 1 min 
400 1 min 
400 Cont. 


air gap into the stator laminations 


co wo 


From the stator the flux returns across 
he g 0 ie outer surtace o l¢ 
the air gap t th uter surta f tl 400 ben 
1600 5 min 
400 Cont. 

60 Cont. 
400 Cont. 


rotor and then across another air gap 
to the field yokes and then into the shaft 
across a third air gap. The exploded 


—— i — 
ooONON 
or 


view of the alternator in Fig. 2 shows 
how the pole body is surrounded by a 
non-magnetic damper cage to isolate 
the pole magnetically from the remain 
ing surface of the rotor 

While the brushless alternator type 
of construction inherently — requires 
more excitation power than the ordi- 
nary rotating field alternator because of 
the additional air gaps. the circular. 
bobbin-wound field coils enclose a max- 
imum area with no waste copper in 
end turns so that increased ampere- 
turns can be produced for a given ex- 
citation. To achieve minimum weight 
and space for airborne applications. 
the alternators use Permendur for yokes 
and pole pieces and 5-mil Hypernik 


Non - magnetic 
laminations. The flux distribution in domper 
the air gap between rotor and _ stator 
can be controlled by changing the 
shape of the pole face. The hexagon 
shape presently used has heen chosen 
for good characteristics as well as ease 
of manutacture 

Given in the table are some typical 
characteristics of the Aerojet  brush- Fig. 2—Major parts of brushless alternator. Hexagonally shaped pole piece may be 
ss alternators. seen in face of rotor surrounded by non-magnetic damper cage. , 





Wew- GUAR shee 


incremental position 


e Lower cost precision control for machine tools, position indicators, 
slave-master systems, remote indicators and automated machine drives 
is assured by this new Guardian ‘Incremental Position’’ control unit. 
Check the following characteristics. See how this unit can be adapted to 
your application and replace expensive controls: 


@ Can be used as a complete multi-event sequence programmer to control 
predetermined selection of operations. 


@ Can also be used as a single function sequence device to control such opera- 
tions as potentiometer or valve incremental settings. 


® Motor driven—speed of operations is set to suit your requirements. 


@ High output shaft torque (up to 100 inch-ounces) available from standard 
motor configurations. Specials even higher. 


®@ Bi-directional—rotates shortest possible arc to the desired setting. 


® Variable—predetermined sequence easily changed by selector dials and 
switches. 


@ New commutating switch design by Guardian permits selection of angular 
settings down to a few degrees resolution. Unit can be manufactured with 
full 360° rotations or any fractional arc thereof. 


@ May be used in many applications as a low cost servo type control. 


Unile —Submit Your Requirements for Specific Recommendations 


GUARDIAN ELECTRIC 


MANUFACTURING COMPANY 


1627-B W WALNUT STREET, CHICAGO 2. ILLINOIS 
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Magnetic Device 
Tests 
Quenching Liquids 


[THE DETERMINATION OF the cooling o1 


quenching effectiveness ot oils. water. 


brines, or other liquids used in the 
heat treat process of steel to improve 
its physical characteristic has long been 
steel fabricators. A 


Quenchometer”™ 


a problem for 
*Magneti developed 
by the General Motors Process Devel 


In a heat treat laboratory a metallic test 
sample, heated until it has lost its mag- 
netic properties, is dropped into a cage 
in a cup of quenching fluid. The time 
elapsing until the sample is cooled 
enough to be attracted by a magnet is a 
measure of the fluid’s quenching ability. 


opment Section promises to be of con- 
siderable value in solving the problem. 
The quenchometer utilizes the 


neti properties ot the 


mag- 
steel to com- 
pare the various quenching rates of the 
liquids under question 

heated he- 


yond a certain temperature, called the 


(ny magnetic material 


“Curie point.” loses its magnetism. As 
the material is cooled below the Curi 
point, however, it regains its magnet- 
ism. For example, a l-in. ball of high 
nickel used in the 


Quenchemeter test because it doesn’t 


purity (which is 
scale or crack from repeated heating 
and cooling) has a Curie point of 670 
F. Prior to a test with a quenching 
fluid, the nickel ball is heated to 1600 
F where it is essentially non-magnetic. 

The ball is then dropped into a small 
cage suspended in a cup of the liquid 
(see figure). When the ball cools to 
the point where it regains its mag- 
netism, it is attracted toward a mag- 
net adjacent to the container. carrying 
with it the cage in which it is sus- 
pended. A timing circuit gives an ac- 
curate measurement of the elapsed time 
from the instant the ball is dropped 
into the cage until it is attracted to 
the magnet. This interval is a meas- 
ure of the cooling ability of the quench- 


ing fluid 
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New Pulling Compound 
for 
Machine Tool Wire 


FLAKING AND CHIPPING in the process 


of drawing heavy duty wire through 
conduit can be avoided with the use of 
low-friction 
Rome Cable 
Corporation. The new coating will re- 
place the standard parafhin normally 
used as a pulling agent on all of the 
company’s Type TW Machine Tool 
Wire and Flexall. The use of the com- 
pound 


cable coated with a new 
compound developed by 


permits pulling wire through 
conduit with a force only half that nor- 
mally required for paraffin-coated wire. 

Recent tests have also shown that the 
new coating is not absorbed by the wire 
insulation nor will it disappear through 
volatilization. In the pulling test, nine 
AWG 14 wires were pulled through a 
14-in. conduit. With paraffin coating, 
150 lb were required to pull the wires 
while with the new 


through coating 


D:0 9 


only 75 lb were necessary 


Novel 
Evaporative Cooling 
Technique 


Usk OF AN INORGANIC WICK 
which will 
own volume of water is the key of a 
new development by the South Wind 
Division of Stewart Warner. Called the 
“Liquid Lock” 
liquid coolant to retain its character- 
istics as a heat sink, vet be 
ind handled as a solid. 


MATERIAI 
retain YO per cent of its 


system, it permits a 


formed 


Evaporative cooling systems, long 


recognized as indispensable in the 
speed range above Mach e are also 


used for many applications below that 


Modular cooling system. Electronic equip- 
ment is surrounded by “Liquid Lock” 
(inorganic wick material). Water is 
added through filler cap or from a re- 
mote reservoir which can be centrally 
located to serve several units. 


speed. High performance aircraft and 


missiles employ open systems from 
which the vapor is dumped overboard, 
to handle peak temperature loads for 
cockpit and electronic equipment cool 
ing. Loss of liquid due to turns o1 
vibration have been a restrictive fa 
tor in efheiency and duration of ef 


While 


have increased 


fectiveness. increased speeds 


( ooling requirements 


equipment weight and space restric 


tions necessary to attain the de 


sired aircraft performance have beer 
obstacles to meeting requirements. The 
lighter, and 


new system is smaller, 


simpler than any other currently i 
use. The wick material is non nutrient 
to fungi and is unaffected by high tem 
perature. 

The system permits boiling or evap 
oration to take place without the us« 
of baffles or 


age, regardless of attitude, while per 


valves to prevent spill 
mitting venting of vapors without los- 
of liquid. Heat transfer 


kept wet and a 


suriaces are 
more efficient sub 
merged boiling is attained without the 
problems attendant to handling a free 
liquid 


' 


In addition to use in open water 


boiling systems, potential applications 
include freon system evaporators, con 
densing liquids, removal of free water 
from gases, holding liquid rocket fuels 
tirframe panel cooling, and air cor 
ditioners 

Actual applications reported as suc 
cessful by Warner 
cockpit fighter 


component cooling for a 


Stewart include 


cooling for 


cooling ot electror IK 


j 


draulie systems 


One Step Casting 
of Complete 
Heating Element 


HEATING ELEMENTS made by a new 


process allowing specially insulated 


standard resistance wire to be em 
bedded in a metal casting at the same 
being 


used as liquid plastics extrusion ma- 


time the casting is made are 
chines, electric dryer elements, heating 
range elements, immersion heaters, con 
vection heaters and conduction heaters. 
These heating elements assure direct 
and uniform heat to the surrounding 
metal. This complete integration of the 
resistance coil in the casting assures 
immediate and complete transmission of 
heat. 

\ major advantage of the new cast- 
ing process, patented under the name 
Adaptatherm by H. W. Tuttle and Co.. 
Adrian. Michigan, is that heat densities 


ELECTRICAL MANUFACTURING 
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When You Need 


5 


= na ae 


Match these Adlake abilities against your needs: 
e Perfect function under vibration 

Perfect snap-action. No pitting, burning, sticking 

No dust, dirt or moisture intrusion—hermetically factory-sealed 
e Time delay characteristics fixed, unchangeable. 
e Quiet. Chatterless. Require no maintenance whatever. 
Our engineers will be happy to help you solve your control 
problem. No obligation. Just write THE ADAMS & WESTLAKE 
Company, 1168 North Michigan, Elkhart, Indiana. Original 
and largest manufacturers of plunger-type relays. 
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at the surface may be infinitely varied 
and controlled since the resistance wire 
is spaced throughout the surface to be 
heated. In this way a uniformity of 
heat over the entire surface is achieved, 
with consistent temperature measure- 
ments having only a 12F difference 
being recorded between high and low 
spots. Of equal importance is the small 
current leakage which has been meas- 
ured to be 10 microamperes. Units 
made by this process have operated 
more than 73,000 hrs through 750.000 
on-off current cycles without failure. 
Basically the process is not compli- 
cated. The insulated resistance wire is 
specially prepared. Fiber glass insula- 
tion is braided around the bare wire in 
either 2 or 3 ply. depending on the 
application. The insulated wire is 
formed to a desired shape. placed in a 
mold, and then secured in whatever 


Cross section of Adaptatherm heating 
element illustrating close bond between 


insulation and casting. 


between the insulation and the casting 
that if the wire is removed the imprint 
of the fiber glass braid is clearly no- 
ticeable on the wire. The final step in 
the process is moisture-proof sealing of 
the terminals in glass, thus sealing the 
entire assembly within the metal cast- 


ELECTRICAL MANUFACTURIN( 


for the same diameter and type otf re- 
sistance wire. These three conditions. 
direct results of the immediate heat 
transfer from resistance wire to casting. 
were substantiated by the following cur 
rent-temperature tests using heater- 
made by H. W. Tuttle and Co. The heat- 
ers tested contained 10.1 ft of No. 30 
Adaptatherm cable, having 70.4 ohms 
resistance (at about 900F), embedded 
in a solid aluminum casting measuring 
1 in. by 7 in. by 1 in. For these tests 
the heater was connected in series with 
a variable autotransformer to permit 
varying voltage and current input to the 
heater. Results showed that the cable 
can carry a greatly increased amount 
of current, with a correspondingly great- 
er increase in wattage output. The 
greatest ratio of wattage increase was 
with an applied current of 2.96 amp 
and an applied voltage of 210. This 
compares to a computed carrying ¢a- 
pacity of 0.40 amp and 28.4 volts. The 
result is a wattage more than 55 times 


as great as the computed wattage of 


position is desired. The mold is filled ing. 
with molten aluminum and allowed to 


bedded in the casting with exception of 


temperature at surface of the casting. 
the terminals. The bond is so complete and greatly increased 


the same wire exposed to open air and 


achieving the same temperature. In fur- 


These Adaptatherm units have low ther testing, with the wire skin tem- 
cool, the wire being completely em- wire skin temperature, high surface 


945F, this 
dropped to 11.1, still showing a 


perature reac hing 


wattage output increase in output 
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Magnetic Shielding 


(Continued from page 139) 


mounting difficulties are no problem, costs can be cut 
Here a simple frustum of a cone is substituted for a 
three-piece construction which follows the contour of 
the tube. In addition to the economy realized through 
the simpler construction, the annealing costs can be 


by eliminating expensive layouts as shown in Fig. 2 


greatly reduced by nesting the cones in the annealing 
box. Since the annealing costs are a major part of the 
total shield costs, this item should be kept to a minimum. 
The cost of annealing a box full of shields is usually 
independent of the number contained within it. The per 
unit charge for the conical type is considerably lower 
because the shields can be stacked as shown and many 
more placed on a furnace tray. In addition this type has 
the advantage of the axial-type weld vs the normal-type 
joint. 

Holes cut in the shields for leads, etc. are extremely 
detrimental to their effectiveness, particularly if they 
line up with the direction of the extraneous field. As 
a result of a study made along this line. one leading tube 
manufacturer changed the design of their tubes to bring 
the leads out through the back to eliminate the need for 
holes in the shield. 

The question is often raised as to the possibility of 
using annealed Mumetal sheets to eliminate the much 
higher cost of annealing in the final form. Unfortunately. 
the permeability of Mumetal is adversely affected by 
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cold work of any kind. Hence the efficiency of this shield 
would be inferior to one made in the recommended 
manner and given a final heat treatment. This is par 
ticularly true since most shields are produced from 
fairly heavy gauge material (0.025 to 0.035 in. thick). 
Annealed Mumetal strip 0.004-in. thick has been used 
successfully to produce prototypes for test purposes 
where an extended delivery of a fabricated shield could 
not be tolerated. The strip is wrapped around the tube 
and taped in place. If the shielding so developed is ade- 
quate or nearly so, it is apparent that a properly designed 
shield will definitely do a better job. 

There have been instances where special cables had to 
be shielded from a magnetic field. Since Mumetal cannot 
be drawn into tubing due to the cold working involved, 
an adequate shield can be developed by wrapping a con- 
tinuous layer of annealed tape around the periphery of 
the cable. One such application involved a cable of ap- 
proximately 1-in. diam, which had to be flexible in the 
final assembly. Annealed Mumetal tape 0.001 in. thick 
and 14 in. wide was wrapped in two layers. The first 
layer was spaced approximately 14 in. between conyolu- 
tions and the second layer overlapped the first layer in 
such a way as to cover the gaps between turns. The as- 
sembly was covered with a protective rubber coating and 
could be flexed without losing its shielding effect. 

It is very arduous to make quantitative measurements 
of shielding efficiency since low-level, uniform magnetic 
fields are difficult to establish. Results of such measure- 
ments indicate that a well designed shield should provide 
insulation of the order of 45 db. This attenuation should 
adequately eliminate the effect of the extraneous fields 
in most instances. 
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BODINE | 
In Leading 


OTORS 


roducts... 


Sanborn Oscillographic Recording 
Instruments 


Esterline-Angus Recorders 


To provide a complete record of what 
happens during a power failure, Esterline- 
Angus developed an external motor attach- 


ment for their recorders. When a power 


The element of time is very important in outage occurs, the Bodine motor driven 


recording electrical and physical proper- attachment takes over and increases chart 


yn 


ties... and this is one of the reasons that speed to % 


per second to record these 
Bodine synchronous motors are used to split-second occurrences. 


power Sanborn Oscillographic Recording The ability to start fast, accurately main- 


Instruments. These units can operate at tainthe necessary speed and operate quietly 


nine different paper chart speeds, and the are the main motor requirements. Itwas also 
necessary that both AC and DC motors 


have the same mounting dimensions. Ester- 


motor that powers the chart moving mecha- 
nism must respond quickly, and be capable 
of operating at any of the pre-determined line-Angus found that Bodine motors made 


constant speeds. Over the years Bodine their external drive less cumbersome 
motors have met Sanborn's requirements 
for constant speed, minimum noise, uniform BODINE ELECTRIC CO. 


performance and long life. 2256 W. OHIO ST., CHICAGO 12 


BODINE 


fractional vi aa 


MOTORS 


BN 


p00 y, .--the power behind the leading products 


12 to 16 week delivery on fractional horsepower motors 
265 different stock types and sizes ready for fast shipment! 


FEBRUARY 
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How to make 
motors last 
longer 


Proper maintenance is 
your best insurance for 
obtaining good service 
and long life from frac- 
tional hp electric motors. 


Inspect your motors regu- 
larly. Twice a year in- 
spect bearings, cutouts 
and other wearing parts. 
Be sure dirt and dust does 
not interfere with ventila- 
tion, or clog moving parts. 


Check load condition. Ad- 
ditional friction some- 
times develops gradually 
in the machine your mo- 
tor must drive, and thus 
imposes an overload. 
Watch motor tempera- 
ture. Protect your motors 
with properly rated fuses 
or overload cutouts. 


Replace worn brushes. In- 
spect brushes regularly. 
Whenever a brush is re- 
moved for inspection, be 
sure it is replaced in same 
axial position and NOT 
turned around in the 
brush holder. Otherwise 
excessive sparking and 
power loss will result. 


Keep commutators clean. 
Use clean, dry cloth or 
one moistened with car- 
bon tetrachloride to re- 
move dust and oil. If nec- 
essary use No. 0000 or 
finer sandpaper. 

Watch future Bodine 
ads for additional main- 
tenance suggestions. 


Free subscription 
to ‘‘The Motorgram”’ 


Ask that your name be 
added to the circulation 
list to receive ‘““The Mo- 
torgram.”’ A bi-monthly 
publication, it 

discusses the 

design and 

application 

of fractional 

horsepower 

motors. 





A staff compilation of the latest developments 


design-in use in electrically operated end products 


screened for 


complete 


with all released specifications and available application data. 


JUNCTION TRANSISTOR 
FOR MEDIUM-SPEED 
SWITCHING APPLICATIONS 


The 2N404 is a junction transistor of 
the germanium p-n-p alloy type de 
signed for use in switching circuits of 
military and 


compact. medium speed 


industrial electronic computers. It is 
also useful in other low-level, medium- 


speed “on-off” 


control circuits 


aa 


The 2N404 features a maximum col 
lector-to-emitter saturation voltage of 
150 mv at a current gain of 30, a 
cutoff 


> wamp at 25 C and 90 vamp 


maximum collector curent oft 


80 C, and a minimum alpha cutoff 
frequency of 4 mc per sec. 

Careful control of the characteristcs 
of this transistor with respect to satu- 
ration current, leakage current, break- 
down voltage, and switching time con- 
tribute to the dependable performance 
of the 2N404 in critical military and 
industrial 


computer applications. 
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The 2N404 is hermetically sealed in 
metal case. Maximum diameter is 
0.360 in. and maximum body length is 
0.250 in. \mer- 


Somerville, 


Radio Corporation of 
ica. Semiconductor Div. 
N. J 

Circle No. 501, Reader Inquiry Service Cards 
on page 17 


PRECISION BORE SILICA 
GLASS TUBING 


Precision bore 96 per cent silica glass 
Vvcor tubing with inside diameter tol- 
erances up to +0.0005 in. can be manu- 
factured with precision bores in diam- 
eters ranging from 1, to 3 in. Maximum 
length of the tubing presently is 36 in 

Special slots or indentations on the 
inside of the tubing can also be made 
with precision tolerances. Width dimen- 
depth 
+().002 in. 


sions can be held to +0.003 in.: 
of indentations can be held to 

The tubing is currently being used as 
the coil form in a long-life transformet 
Because of its low coefficient of expan- 
sion (0.0000008 in/in/degree) and 


% 


chemical inertness, the tubing can with- 
stand extreme temperature differentials 
and is unaffected by close contact with 
reactive or corrosive materials over a 
long period of time 

Other potential uses are as measur- 
ing devices in high temperature work, 
enclosures for high frequency, high 
temperature transmitters and rece 
ind precision resistors, Corning 
Works. Corning. N. ¥ 
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NUMERICAL READ-OUT 
TUBES 


Line of all-electronic 

now includes two new 10-digit 
read-out tubes with considerabl 
crease in life expectancy. These tubes 
have a new cup design providing 


non-reflecting background and feature 


improved uniformity ane 


_ 

bi: . 
BD 206 “SUPER NIXII 
has a bulb diameter of | 


increased viewing 


distance 
feet. more light output, and 


) 


wider viewing angle: BD 
6844 A is an improved 
“STANDARD NIXIE’ 
i bulb diametet of | 
distance of approxim 
Both types are gas-filled, cold-cathod 
tubes with a common anode 
standard NIXIE socket 
tubes can operate i 
switching 


The tubes will find 


electronic 


tubes 
] ' 

ipplication 
indicator boards, indu 
controls, instrumentation, counters, con 
puters, and military applications 
Electronic Tube Div., Burroughs Corp 
Plainfield, N. J. 
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MICRO-MINIATURE 
POTENTIOMETERS DISSIPATE 
2 WATTS AT 60 C 


Line of micro-miniature precision wire- 
wound potentiometers are said to offer 
stability 
cycling than other types of comparable 


greater under temperature 


size and will dissipate 2 watts at 60 C. 
Known as ACESETS, they are available 


in 9 different resistance values between 
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ACTUAL SIZE 


ARE YOUR 
“MINIATURE” RELAYS 
GETTING “ALL SHOOK UP”? 


If you have been frustrated in trying to successfully 
apply a subminiature relay to applications requiring 
high vibration and shock resistance, don’t reach for the 
tranquillizers — check the North IR-207 type relay. 
The North IR-207 is an airborne type, hermetically 
sealed, high speed subminiature relay designed and built 
to withstand high vibration and shock. 

The IR-207 meets Mil. Spec. MIL-R-5757C and MIL- 
R-25018 (USAF) and performs with complete reliability 
in those very applications where your requirements for 
minimum size and weight have not been met with 


acceptable performance standards. 


IR-207 SPECIFICATIONS 


GENERAL DIELECTRIC STRENGTH 


Ambient Temperature Range: 5 volts for 1 minute between 


tuall 
utually 


1000 volts for 1 min 


between all mu 


—65 cto +1 a 


parts on special order 


INSULATION RESISTANCE 
CONTACTS 100 megohms minimum 
Material between all r ally insulated 
Palladium standard, available parts 


with gold contacts for lov CORROSION RESISTANCE 
! switchine ny 
level switching 100-hour salt spray without 
Rating 


2 amps 30 volts D.C. resistive 
Overload (100 op. m SHOCK TEST 


maximum 


a Soe VC wenden 50 Gs — 11 mil-seconds in 


8 amp ive 


damage 


if plane 
Resistance eee 


50 milliohms maximum oat VIBRATION TEST 

rated load 500 cps. at 10 Gs in all planes 
Life 2,000 cps. at 10 Gs in all 
100,000 operations at rated planes available on special 
load order 


TNOUSTRIAL DIVISION 


NORTH ELECTRIC ae 


852 SOUTH MARKET STREET * GALION, OHIO 


Available in Canada through Ericsson Telephone Sales of Canada, Ltd., Montreal 8, P. Q, 
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For brass and 
aluminum nuts... 
you can't | i 


beat ar a 


oo 
for 
precision, 
price and ~ 
delivery! 


STANDARDS OR SPECIALS 

Fischer produces 
“turned” nuts to exact- 
ing specifications. Fea- 
turing uniform accura- 
cy, these precision nuts 
save time in assembly 
operations. 


RIGID QUALITY CONTROL 
. is maintained 
throughout production 
and double-checked by 
final inspections. 


MASS PRODUCTION 
FACILITIES. . . including 
unique high-speed ma- 
chinery... assure prompt 
delivery and competitive 
prices. 

FOR FULL DETAILS... anc 
specifications on Fischer 
brass and aluminum 
nuts, send today for new 
CATALOG FS-1000 








a - 
a 





there’s no 
premium 

for precision 
at 


w 
SPECIAL MFG. CO. 


FISCHER SPECIAL MFG. CO. 
421 Morgan St., Cincinnati 6, Ohio 
Please send me your new 20-paoge 
CATALOG FS-1000 describing 
Fischer precision nuts 


Nome a cians as 
Compony_____ = 


a — 


City a Zone 
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100 and 25,000 ohms. Their greater 
temperature cycling stability is made 
possible through the use of 20 ppm 
temperature coethcient wire. 
Mechanical 


one-piece 


include: 
metal 


spec ifications 
precision-machined 





case; passivated stainless-steel shaft; 
locking 


anti-rotation pin: mechanical rotation: 


self-contained device; panel 


330 degrees nominal; size: in. diam 


x 46 in. body length 
Electrical specifications feature: heat 


dissipation: 2 watts at 60 C:; voltage 
breakdown: 1000 volts d-c: electrical 
angle: 325 degrees nominal: resistance 


tolerance: +10 per cent; linearity: 
Electronics Associ- 
ates, Inc., 99 Dover St., 


Mass. 
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5 per cent Ace 


Somerville, 


POLYESTER FOAMING 
RESINS HAVE UNUSUAL 
PHYSICAL PROPERTIES 


The resins, known as Selectrofoam 
Resin 6207 (for flexible foamed prod- 
Resins 6004 


icts) and Selectrofoam 


and 6005 (for rigid products) are said 
to be superior in many ways to prevl- 
ous polyester and polyether foaming 
resins. They provide good load-carrying 
capacity at low densities, higher resil 
ience, good freeze resistance and a sott 
feel commonly known as “showroom 
feel.” The resin has been successfully 
thick and can 


be foamed into thicker slabs if desired. 


foamed in slabs 12 in. 


Vertical rise in molds has been as high 


as 35 in. with good uniformity of cell 


thicker slabs 


waste. The resin may be 


structure. The reduce 
trimming 
foamed batchwise. by intermittent pro 
cedures. or continuously in a foam- 
making machine. 

The Selectrofoam rigid resins 6004 
and prepolymer 6005 are said to pro 
vide a very tough, rigid foamed struc- 


ture with good adhesion for 


panel 
fabrication to other materials such as 
metals, some plastics and other con- 
struction materials. The rigid product 
may have densities as low as 2.0 lb per 
cubic foot in open expansion and 2.5 
molded. It has withstood high humidity 
tests, including two hours at 200 Ff 


with steam feed into the test chamber 


Water 


the closed cell structure. Low viscosity 


absorption is low because ol 
provides easier blending and mixing in 
batchwise continuous metering equip- 
ment and for spray application. Pitts- 
burgh Plate Glass Co., 632 Fort 
Duquesne Blvd., Pittsburgh 22, Pa. 
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STABLE BOBBINLESS 
FIXED RESISTORS 


Line of smaller space factor, more 
stable bobbinless precision wire hxed 
resistors feature a “floating” element 
Winding process permits resistance ele 
firmly 


resin, forming a 


ments and contacts to “float” 
embedded in epoxy 
monolithic mass The resistors have a 
smaller space factor because no bobbi 
or winding form is needed. Wire strain 
is eliminated 


Permanent change in resistance is 


less than 0.2 per cent under most en 
vironmental conditions. giving unusual 
stability Tolerances down to O05 


per cent are available in a wide range 
of standard sizes depending upon re 
sistance value 

inductance 


The resistors have low 


and low capacitance characteristics 


with reproducible uniform frequency 


response. Resistance change with hu 





midity (MIL-R-93 moisture resistance 
Resist 
ince change with temperature cycling 


(MIL-R-93) is less than 0.2 per cent 


test) is less than 0.2 per cent 


Resistance change with load life or 100 
per cent overload is less than 0.3 per 
cent. Both tubular 


shapes are offered in a wide range of 


rectangular and 


wattages, dimensions and. resistances 
Chicago Telephone Supply Corp., 1142 
1232 W. Beardsley Ave., Elkhart. Ind 
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SMALL SIZE GEAR 
SPEED REDUCERS 


Model R113 is a miter gear reducer 
with ]-] ratio and a horizontal right 
angle drive. It weighs only 3.75 Ib 
Rated output ranges from 0.03 to 0.333 
hp. 

Iwo other reducers added to the line 
are worm gear assemblies. Model T109 
is designed with the worm gear over. 


ind Model Ul09 with the worm gear 
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FIRST TIME EVER: 


Another 
WCOLAC 


ACHIEVEMENT 


Ps 
ey 


BABI 


COM 


EXT 


PROVIDES FASTER PRODUCTION, 
EASIER ASSEMBLY, 
LOWER MANUFACTURING COSTS... 


Only CYCOLAC measured up to all requirements for the first extruded 
transistor cabinets ever made! Imagination and engineering provided 

savings of 87% on dies and engineering costs alone. CYCOLAC also has 
many other outstanding properties which made this possible. High impact 
strength, bright glossy colors, light weight, dimensional stability, 

excellent shock resistance, chemical resistance, and superb 


‘le -al properties. Moving smoothly off the productio > ex 3 
electrical properti oving othly production line, extruded — 


profiles are cut to width, speaker openings die-stamped, units cabinets used in Knight-Kits 
inverted, cemented and presto! . . . cases are complete! produced by Custom Plas- 


To add to your profit picture, find out how CYCOLAC can help ae oo — Se 
onics Division o lied 


you make more attractive, better products and save money! Radic Corp., Chicage, Ill 
d “« ’ e 


Write Today for Technical Literature 


PACESETTER IN 


15 Division of BORG WARNER « Gary, Indiana 
Mar e) 4) also represented by: 
CHEMICAL 


WEST COAST: Harwick Standard Chemical Co., Los Angeles, Cal. 
a CANADA: Dillons Chemical Co. Ltd., Montreal & Toronto 
SYNTHETIC RESINS — export: British Anchor Chemical Corp., New York 
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The case is hermetically sealed to 





TINY TLL 
PT UR Re LATS 


withstand altitude conditions, to provide 
explosion proofing and for installation 
in toxic industrial systems. Each con- 
tact will handle signal levels ran g 
from the low microvolt region to 100 
volts (resistive) at 40 ma 

The switch requires less than 40 
watts of single phase 400 cycle 60 
evele available on special order), 115 
volts a-c power. Instrument Develop- 
ment Laboratories. Ine., 67 Mechar 
St.. Attleboro, Mass 
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under. Ratios for both range from 5:1] 


MICROWAVE RELAY 
to 30:1, and output from 0.03 to 0.08 hp 
é‘ FERRITE ISOLATORS 
All three reducers are additions to 
the line of 100 series speed reducers Designed to cover broad 
which offer a choice of 1605 different ranges between 5400 and 8200 n 
types and sizes, in ratios of 1:1 to isolators are desirable for applica 
3600:1 with capacities from 0.004 to in medium and low power mi 


San 
50 hp. Design features of this series relays due to their high or 
include higher power-transmitting ef and coverage of at least 2 or more 
ficiency space-saving design and the microwave relay juencies V 
finned housings for improved cooling single unit. 

All are standardized models, available The 5 in. version covers a 10 
from stock. Boston Gear Works, 14. cent frequency band width with a 
Hayward St.. Quiney 71, Mass. mum vswr of 1.20. permitting the 
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=e HIGH SPEED 
ROTARY SWITCH 
emreOReReremeees | S220, cca Per pole con he 


ea make” at any constant speed up to 
1800 times per minute for sampling 
UNI-TOG DES | control data, programming computers, 


scanning process functions or tele- 





This patented device gives metering flight data in this high speed 

Py Dibee i Et et eat rats rotary switch. 

motors (900 to 3600 RPM) new Each circuit can be switched with lection of the best isolator propert 
item elo noise levels less than 20 yvolts, con- possible for use in a given frequer 
tion time with the UNI-TOG; tact resistance variations smaller than ranse. 


em mae a 0.05 ohms, and the full contact width The units feature maximun 


brushes and contact rings available as bounce on leading and tion loss of 1 db. a minimum isolation 
ae Ce Me trailing edges is non-existent during of 40 db, and a power handling capa 
‘SPECIFICATIONS the full 500 hour service free life. ity of 10 watts average: 10 kw peal 
This design is flexible so that the i a Nal A 

* dean hh aati Amp., following switching combinations can . f me 
2” diameter. 1 é lud a. flange combinations of these isolators 
@ UT-B INTEGRAL—60 Amp., pe included in a single unit: er allow easy incorporation with other 
Vaal tacts at 1200 times per minute plus nponent 1 j nicrowave 
components used in microway | 

ee an bic) 7) ee 90 contacts at 600 times per minute 


aE ; 5 systems. They are available with sta 
Kea Te plus 30 contacts at 1800 times per 
All switches also available in nor- 


ird military type fittings. or miniat 
mally open position. 


RETMA flanges. Airtron, Inc., 1101 
There’s even more to the UNI- West Elizabeth Ave., Linden, N. J 
TOG Story. Write for literature Cotte ‘ie. S09, Raden Inwaity Service Cont 
TU ime aes ‘ 


minute. Insulation resistance exceeds 
100 megohms throughout the operating 
life of the unit. 


MICRO-MINIATURE 

MAGNETIC LATCHING RELAY 
The SL dual coil crystal-case size relay 
operates on a | watt. 3 millisee pulse 
to either coil and features high shock 
and vibration resistance. It is said to de 


KIRKWOOD 


COMMUTATOR CORP. 
4855 W. 130th St., CLEVELAND 11, OHIO 





velop more than twice the contact pres 







sure of any relay of comparable size 
The magnetic latch and high contact 


pressures hold the contacts closed 





161 Circle 160 on page 17 








FEBRUARY 19 Circle 159 on page 17 


163 


for precise automatic furnace temperature control 


THE NEW VICKER$, MAGNETIC AMPLIFIER 
POWERLINK 


RECORDER 
CONTROLLER 


TEMPERATURE 
DETECTOR 


uses signals from standard recorder controllers 


Where kilowatts i power mus tot 
illiwatt signals. the Vickers Power 


ontro 


cd Fast speed of response. 

@ Proportional stepless control. providing greater 
precision. 

@ breedom from maintenance. in contrast to off-on i es ees ees ese EE Eye he | standard sizes ranging 
contactor method of control. oe ge aan 


from 1.5 to | kilowatts. with input resistance of 2000-20000 
W@ Easy installation, with no contactor required. 
Only a disconnect switch is needed. 


} 


\ Powerlink serves in the electri ice Ss 


Own above 


which silicon crystals are grown—a_ process demanding 


extremely accurate temperature " 


VICKERS INCORPORATED 


OF SPERRY RAND YRPORATION 


ELECTRIC PRODUCTS DIVISION 


£663 LOCUST STREET «- SAINT LOUTS 3, MISSOURI! 
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211 Bartholomew Ave., Hartford 1, Conn. 


166 


164 Circle 160 on page 17 





“DIAMOND H” 


ROTARY 
SWITCHES 


® 


Versatile circuitry of “Dia- 
mond H” Rotary Switches is 
one reason they’re found on 
leading makes of window air 
conditioners. Single or dou- 
ble pole, with capacities far 
greater than their size sug- 
gests and from two to 12 po- 
sitions — with or without 
stop — they are also used to 
control motor starting and 
reversing as well as resistive 
circuits in a variety of other 
applications. 

UL approved ratings 
range to 25 A. at 120/240 
V., to 1 H.P. at 120 V. and 
2 H.P. at 240 V., A.C. Bases, 
however, measure only 114” 
x 14,” x %”. Spade or screw 
terminals. Spindles may be 
extended to permit ganging 
of mechanical or electrical 
controls. 

For a quick run-down on 
“Diamond H” switches, re- 
lays, thermostats and other 
devices, send for a free copy 
of the “Diamond H” Check 
List of Reliable Controls. 


MANUFACTURING 
COMPANY 


Phone JAckson 5-3491 
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der 100 g shock and 30 g vibrations to 
2000 cps. 


The SL will switch loads up to 2 


amp at 30 volts d-c resistive or 1 amp 
volts a-c 


at 15 resistive. It is 0.875 





in. high x 0.795 in. x 0.359 in. 


deep and operates in ambient tempera- 


wide 


tures trom 65 C to +-125 C. The 
relay can be mounted by brackets or 
studs, it is equipped with plug-in 


headers or hook end solder terminals 
for two #24 AWG wires. Potter & 


Brumfield. Inc... Princeton. Ind. 
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FLAME-RETARDANT 


PLASTIC LAMINATES 


Line of Dilecto flame-retardant plastic 
laminates having high resistance to heat 
and flame comprise 9 different grades of 
varying characteristics for a wide range 
of industrial applications. The line of 
CDF laminates combines good flame- 
retardant with the high 
strength and electrical qualities inher- 
ent in laminated plastics. In addition to 
the resin impregnation normally used 
(phenolic, these 
grades contain special chemical addi- 
tives that dampen and extinguish flames 
started by electric arcs or other sources. 


properties 


polyester, or epoxy), 


Included are the paper-base phenolic 
resin laminates (Dilecto Grades X-13- 
FR, XX-13-FR, XF-FR, and XXP-14- 
FR), glass-mat polyester resin laminates 
(Grades GMP-100-FR and GMP-200- 
FR), and glass-base epoxy resin lami- 
nates (GB-16-EFR and GB-28-EFR). 

Grade XX-79-FR can be supplied 
rolled or molded, but Grade 
X-79-FR is supplied rolled only. Tubing 
in special shapes such as square or 
rectangular is supplied only in molded 
form. In addition to the Dilecto lami- 
nates, there is available a spiral tube 
form (Grade 1-FR). Continental-Dia- 
mond Fibre Corp., Newark, Del. 
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HIGH TEMPERATURE 
MATERIAL IN 5000 F RANGE 


Astrolite is the 
inforced 


name for a 
material 
near-pure 


new re- 
plastic 
laminations of 


containing 
fibers. 
This silica reinforcing medium is well- 
known in the 


silica 


aviation industry as 


Refrasil and has been in successful use 


for more than 10 years as a high tem- 


perature insulation material for jet 
aircraft. 

[he combination of Refrasil with a 
special high temperature phenolic resin 
binder has created Astrolite, which has 


an impressive resistance to high tem- 


peratures in the 5000 F range for 
relatively long periods. Short-interval 
performance of Astrolite looks favor 


able for ultra-high temperatures, pos- 


sibly up to 10.000 F. In a 4500 F 
burn-through test, an Astrolite lami 


nate outperformed a plate of steel of 
thickness by a_ factor ot 
three to Also 
consideration, as it is in 


Astrolite 


pounds of 


equivalent 
than 


weight is a 


more one, since 
missile work. one pound of 
than 15 
Astrolite has 


superior to asbestos-phenolic and fiber 


performed better 


steel. ilso proved to be 


glass-phenolic combinations. H. I 
Thompson Fiber Glass Co., 1733 Cor- 
dova St.. Los Angeles 7, Calif. 
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COMPACT 100 AMP 480 
VOLT CIRCUIT BREAKER 


Compact 100 amp molded, case circuit 
breaker, “EH” 


circuit breaker, may be used in panel- 


designated the frame 
load centers, and 
all types of individual enclosures. For 
180 volt applications, the “EH” frame 
breaker saves mounting space require- 
ments by 40 per over the “F” 
frame. and is the same physical size 
as the “E” frame breaker. 
Coordinated 


boards, switchboards, 


cent 


thermal-magnetic 
characteristics 


oper - 


ating assures positive 
protection against overload and_ short 
circuit conditions. Common tripping, 
quick make-quick break operation and 
a 3-position handle are a 
Spec ial 
additions, such as shunt trips, under- 
trips, 


switches are 


operating 


few design features. feature 


voltage auxiliary and alarm 


available for unusual 
service requirements. 
The “EH” frame breakers are 


able in 2 


avail 


and 


}-pole construction, 10 
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“Five...four...three 


WARNING 
FIRING CYCLE 


HAS COMMENCEL 





Two seconds to “FIRE”...the time when 
your instrumentation cables must work 


Are you responsible for any of the 
equipment involved in scenes of this 
kind? Any of the instrumentation o1 
telemetering devices? 

If so, you well know how little can 
be left to chance when a $100,000-plus 
pre-dawn “shot” is scheduled. 

Even minor cable trouble at a time 
like this can be crucial and costly, 
especially if it happens on the equip- 
ment involved for which you are re- 
sponsible. 

That's why it’s important for you to 
insist on electronic cables with maxi- 
mum built-in reliability. 


Quiz yourself on cable 


Here’s how to get this kind of reliabil- 
ity. Ask yourself these questions about 
the cable that’s to go into your own 
equipment: 


l, 


Cw 


. Are his 


Who is the cable supplier? Has he: 


a. Thorough knowledge of electronic 
wiring problems? 


b. Engineering and research skill in 
developing special cable? 

c. Complete facilities for producing 
custom-built or specification 
cable? 


. Are his cable conductors full-size, 


uniformly annealed and _ precisely 
stranded? 


insulations and coverings 
uniformly applied compounds that 
have proved workable, dependable? 


1 ? 1 
4.Can he supply those newly devel- 


; hae . } ; 
oped materniais that might be needed? 


You'll find all of these qualifications 
met in full measure by Rome Cable 
Millions of feet of Rome wire and cable 
have already been installed in elec- 
tronic gear for military and commercial 
uses. More is ordered every dav. 

When you require cable that must 
not fail—or which must meet unusual 
specifications—we can very probably 
help you. Simply contact your nearest 
Rome Cable representative—or write 
to Department 422, Rome Cable Cor- 
poration, Rome, N. Y. 


ROME CABLE 


c CO R 
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to 100 amp continuous rating, 480 
volt a-c, 250 volt d-c, and an interrupt- 
ing rating of 10,000 amp. The breakers 
meet the requirements of Federal spec 
ifications WP-131A as Class Cl, C2, 
and C3 breakers. I-T E Circuit Breaker 
Co., 19th and Hamilton Sts., Philadel 
phia 30, Pa. 
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MICA PAPER IMPREGNATED 
WITH SILICON RESIN 


Fully impregnated and fully cured 
with silicone resin rather than surface 
coated, Flexi-Mica is a mica paper 
available in thicknesses of 0.002. to 
0.010. A low-cost Class H insulator. it 
has dielectric strength of 500-800 vpm 
and a tensile strength (unsupported 
of 10,000 psi, depending on type 
impregnation. The base reconstituted 
mica is integrated mica the only 
phlogopite mica paper 

Present availability is in 12 x 24 
sheets and 36 x 36 sheets. Flexi-Mica 
Div.. Spruce Pine Miea Co., Spruce 
Pine, N. ¢ 
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SEQUENCE TIMER 

FEATURES HIGH CAPACITY 
Sequence timer designated Model HD¢ 
has a swit hing capacity ot lO an p t 


115 volts d-e or 15 an p at 115 volts 





with driving motor drawing 


A Complete Line of Ceramics from a Single Source at 6 volts de. The characteristics of 


high capacity and low draw make the 


C-I) Ceramic Capacitors are prod iced under one roof, with fu timer suited tor remote instrumentatior 
om start to finish. Whatever types of in locations where good bhatt 
ram ipacito? your designs call for, C-ID has then and C-D mandatory 
] ‘ m dependable ource. Phe timer employs i hea a 
o$ actuated switch of the magneti« 
e DISC TYPES remperature compensating, close tolerance, general tv pe with « pacity is 
purpose bypass, high voltage, A-C line bypass Higher currents are permissible at | 
; voltages Speed regulation of the motor 
e TUBULAR TYPES: Temperature compensating, close tolerance, is +1 per cent over . 
rimmer. 50 per cent. The act y 


t wosed tor ease of adjustmet throug! 
SLUG TYPES: High voltag - : 


i range of 0 to 180 degrees f 


AUTOMATION: Plug-in termination available in temperature com- 
pensating, stabilized capacity, general purpose bypass, close tolerance 


dise types. 


e SPECIAL DESIGN TYPES: Feed-thru, standoff, miniaturized 


Engineering samplk ent on request. For complete data on C-D 
Ceramics, write for Catalog No. 616 to Cornell-Dubilier Electric 


Corporation, South Plainfield, New Jersey 


@) CORNELL: DUBILIER CAPACITORS 
°® 
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Advertisement 


Troubled by equipment wiring problems? 


If so, consider the record being es- 
tablished by Rome Synthinol 901, a 
special 105° PVC compound for wire 
insulation and sheathing. It has 
helped to solve an impressive list of 
difficult wiring problems. 
Developed by Rome Cable’s lab- 
oratory and first introduced in 1949, 
Rome Synthinol 901 has proved by 
test and actual use to be superior to 
conventional PVC compounds in the 
following ways: 
a. Suitable for continuous operation 
at higher temperature (105C 


b. 


More stable under severe heat cy- 

cling. 

c. Suitable for continuous immersion 
in hot transformer oil. 

d. Superior resistance to chemicals 
and solvents. 

e. Greater resistance to heat defor- 

mation. 





Graph shows heat deformation vs. tempera- 
ture, and compares Synthinol 901 with con- 
ventional PVC compounds. Test run in ac 


cordance with Underwriters Laboratories 


standard procedure, except for temperature. 


The practical value of this com- 
pound can best be illustrated by 
describing a number of actual case 
histories. 


(1) Coil leads. 


Many manufacturers of small coils 
for relays, small transformers, small 
motors, and electronic components 
have tried to use PVC insulated lead 
wires for many years. Typically, 
these leads are crimped or soldered 
to the ends of the coil; and the whole 
coil is then impregnated with var- 
nish or wax and baked as long as 16 
hours at temperatures as high as 
150C. The varnish used may be 
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asphaltic, phenolic, alkyd, etc.; and 
the wax may be paraffin, beeswax, 
carnauba, or another kind. 

PVC insulated lead wires fre- 
quently produced serious produc- 
tion problems because of the insula- 
tion’s tendency to shrink, crack, and 
stiffen during the impregnation and 
subsequent baking period. Synthinol 
901 was substituted in place of the 
ordinary PVC insulation and, after 
nearly eight years of wide usage, not 
a single case of shrinkage, cracking, 
or stiffening of insulation involving 
Synthinol 901 has been brought to 
our attention. 


(2) Oil-filled transformers. 
Transformer engineers have long 
sought a cable construction to re- 
place varnished cambric-insulated 
cable for leads in oil-filled trans- 
formers. These leads connect trans- 
former windings and bushings and 
are constantly immersed in hot oil. 
One transformer manufacturer, en- 
couraged by successful experience 
with Synthinol 901 on other appli- 
cations, undertook a comprehensive 
study of the possible usefulness of 
this insulation in lieu of varnished 
cambric for high-voltage transform- 
er leads. This study extended over a 
several-year period and proved to 
those engineers involved that there 
were at least four reasons for stand- 
ardizing on Synthinol 901 for this 
application: 
a. There was less sludge in the oil 
than when VC insulation was used. 
b. There was no harmful degrada- 
tion of the electrical properties of 
the oil. 
c. Conductors insulated with Syn- 
thinol 901 ran cooler, permitting 
a 7% increase in lead cable cur- 
rent rating. 
d. The use of Synthinol 901 in lieu 
of VC would permit substantial 
dollar savings. 


(3) Oil refinery, industrial and 
chemical plant wiring. 

Plant and oil refinery engineers have 
long used conventional PVC insula- 
tions for plant wiring with good re- 
sults, but too often heat deformation 
problems arose in warm locations 
Since Rome Synthinol 901’s supe- 
rior deformation resistance sug- 
gested that it might be the answer to 
this problem, it was tried and soon 
became widely used because of its 
much better service record. 

Synthinol 901 also proved to be far 
superior to conventional materials 
for chemical plant wiring where the 
corrosive action of chemicals and 
solvents has always been a tough 
problem. Although polyvinyl chlo- 
rides as a class have inherently bet- 
ter resistance to chemicals and sol- 
vents than many other materials, 
some engineers desired even further 
improvement. One user decided to 
test a number of samples over a long 
period by immersing them in various 
concentrations of acetone, different 
alkalis, and butyric, propionic, and 
acetic acids. The results of this care- 
ful evaluation showed clearly that, 
when exposed to these chemicals, 
Synthinol 901 would last longer than 
any other PVC tested. 

These case histories describe just 
a few of the applications for which 
Rome’s Synthinol 901 has proved 
especially effective. Perhaps they 
will suggest other applications in 
your own area which might also be 
better handled with Rome Synthinol 
901 instead of a conventional PVC 
compound. If you have a wire or 
cable problem that might be solved 
with Rome Synthinol 901, why don’t 
you get in touch with us? Contact 
your nearest Rome Cable repre- 
sentative for more information—or 
write to Department 323, Rome 
Cable Corporation, Rome, N. Y. 


ROME CABLE 


¢ ©o RR 
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Leader in motor-starting capacitors, Mallory has con- 
stantly refined design to afford smaller size, higher tem- 
perature ratings, greater current capacity and 
tolerances to give high starting torque. Newest develop- 
ment is a capacitor with built-in bleeder resistor, which 
cuts assembly costs. A comprehensive line of 


running capacitors is also supplied 


Mallory alloys for electrical machinery combine high 
structural strength and excellent conductivity; prop- 
erties cover a broad range of application requirements 
Through Mallory and its subsidiary, Philadelphia Bronze 
& Brass Corporation, you can get complete experienced 
service on castings and forgings of high conductivity 
copper, Mallory alloys and nickel alloys 


Get More From Mallory... 





Power rheostats by Mallory featurethe unique hinged con 
tact arm which assures constant pressure regardless of 
overloads permits easy inspection and cleaning 
wide selection of resistance values and tapers Is ivailable 


in ratings of 25 to 500 watts. Special models 
engineered to your requirements 


Wire wound power resistors for bleeders, voltage dividers 
ind voltage-dropping applications in machinery, feature 
exceptional life and stability. Tough vitreous enamel 
coating seals out moisture ind corrosion Spec ial M illor \ 
techniques for welding the element to terminals eliminate 
possibility of open circuits. 











Mallory contact engineering 


helps manufacturers select the 
most effective of the long list 
of special Mallory 


materials 
7 including heavy-duty 
Elkonite a unique combi- 
nation of high-conductivity 
metals and refractory mate- 
rials. Our contact designers 
combine contact metals, back- 
ing elements and assembly 
techniques to provide long 
contact life at economical cost. 


,ee-More Precision Products... More Engineering Assistance 


In the Electrical Machinery Industry, for example 


Desicners of switchgear, motors, welding 
machines and other electrical apparatus can 
profit in two ways by calling on Mallory. 


Mallory precision products contribute to the 
high standards of dependability and performance 
demanded of electrical machinery. They embody 
Mallory’s pioneering experience in metallurgy, 
as a leader in creation of special contact materials 

.in electrochemistry, as the company which 
developed and refined the electrolytic capacitor 
widely used with motors... and in electronics, 


as a progressive manufacturer of a broad line of 


components, including many types with high 
power capacity. 


Mallory engineering assistance is the “‘service 


Serving Industry with These Products: 
Electromechanical Resistors 
Mercury and 


Electrochemical — Capacitors * 


Metallurgical 


* Switches * Tuning Devices * Vibrators 
Zinc-Carbon Batteries 


Contacts * Specicl Metals * Welding Materials 


beyond the sale’’ which assures peak performance 
and economy. Our design specialists are well 
qualified, through experience with the problems 
of leading machinery manufacturers, not only to 
recommend the Mallory alloy or component best 
fitted for your job, but also to lend a hand in 
engineering it exactly to the requirements of the 
application. Our files are full of stories of excep- 
tional economies which we have been able to pro- 
duce, in a wide range of equipment. Our service 
even extends, in the contact field for instance, to 
the manufacture of complete sub-assemblies to 
customer specifications . 
time and simplify 


.. to save engineering 
purchasing for the buyer. 


We'll welcome the opportunity to discuss your 
particular problem. Just write or call us today. 


MALLORY 


P. R. MALLORY & CO. 

















Inc., INDIANAPOLIS 6, INDIANA 
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RANGES 
i qi VISIBILITY 
V.0.M. 


‘PRECISION 


model 






Gives You What 
You've Always 
Wanted in a 


7s HIGH-SENSITIVITY 
ror \ MULTI-RANGE 


iti — TEST SET 


; 20,000 OHMS PER VOLT D.C. 
wae?’ 5,000 OHMS PER VOLT A.C. 


PRECISION 


} MORE RANGES — 44 of them . . . starting lower and going higher . . 
professional V.0.M. of similar size or type. 


AN EXTRA-LOW RESISTANCE RANGE — 2-ohm center scale range, powered by long-lived, 
internal 1.5 volt battery source. 


> AN EXTRA-LOW VOLTAGE RANGE — 1.2 volts full scale, A.C. and D.C. 
> AN EXTENDED LOW CURRENT RANGE — 60 microampere first D.C. current range. 


A LARGER AND EASIER-READING SCALE FACE — extra-large 514” meter with full 434” 
extra-wide window 


. outranging any 


® SIMPLE, POSITIVE RANGE SELECTION — 18-position, positive-detenting, master range 
selector with low-resistance, dependable, silver-plated contacts 


RUGGED, POSITIVE CONTACT JACKS and PLUGS — specially designed, low-resistance, solid 
brass, banana type plugs and jacks 


Compare these Wide-Spread Ranges and Special Features: 


% 8 DC VOLTAGE RANGES: 20,000 ohms per v. 0O—1.2—3—12—60—300- 600—1200 -6000 v. 
%& 8 AC VOLTAGE RANGES: 5,000 ohms per v. 0—1.2—3—12—60—300—600—1200-—6000 v. 
% 8 AC OUTPUT RANGES: same as AC volt ranges. Built-in 600 volts blocking capacitor. 
% 7 DC CURRENT RANGES: 0—60—300 Microamperes. O—1.2—12—120—600 Ma. O—12 Amperes. 
%& 5 RESISTANCE RANGES: self-contained. O—200—2000—200,000 ohms. 0O—2—20 megohms. 
% 8 DECIBEL RANGES: from —20 to +77 DB. 0 DB=1 Milliwatt, 600 ohms. 

%& EXTRA LARGE 514” RUGGED ‘PACE’ METER: 40 microamperes sensitivity, 2% accuracy. 
% 1% MULTIPLIERS and SHUNTS: wire-wound and deposited-film types employed throughout. 


% ONLY 2 PLUG-JACKS SERVE ALL STANDARD RANGES: separately identified and isolated 
jacks provide for extra-high ranges. 


%& “TRANSIT” SAFETY POSITION on master range selector protects meter during trans- 
portation and storage. 

%& CUSTOM-MOLDED PHENOLIC CASE and PANEL: compact, efficient, laboratory instrument 
styling. Deeply engraved panel characters afford maximum legibility. 


MODEL 120: complete with internal ohmmeter batteries, banana-plug 
test leads and operating manual. Over-all case dimensions: 5% x 
7 x 3% inches Net Price: $44.95 







oo oo = we a LGBT) 


Pee) PRECISION | Apparatus Company, inc. 


70-31 84th Street, Glendale 27, L. 1., N. Y. 


o Export: 458 Broadway, New York 13, N.Y., U.S.A. @ Cables: MORHANEX 
* ares - at™ Canada: Atlas Radio Corp. Ltd. e 50 Wingold Ave., Toronto 10, Ontario 
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selection of timing intervals. The driv- 
ing motor is totally enclosed in a dust- 
tight case. 

Model HDC is compact and light: 
size is 21% in. x 2%6 in. x 2% in., 
weight is 8.35 oz. Brailsford & Co., Inc., 


670 Milton Rd., Rye, N. Y. 
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HIGH TEMPERATURE ONE 
PART FOAM IN PLACE 


Eccofoam DPT is a one-component pack 
in place of foam and is useable to 500 F. 
No mixing is required. The material is 
supplied in a form which resembles 
damp sand and is merely taken from 
the can in which received and packed 





into the cavity to be filled. It is easily 
packed around inserts and embedded 
items. Cure is accomplished at moder- 
ate temperatures and no volume change 
occurs during cure. 

The resultant foam is rigid, even at 
500 F. Weight is about 20 lb per cu. ft 
Eccofoam DPT is used for embedding 
electronic circuits, void filling and ther- 
mal insulation. At microwaves, dielec- 
tric constant is less than 1.5, dissipa- 
tion factor less than 0.009. Emerson & 
Cuming. Inc., 869 Washington St., Can- 
ton, Mass. 
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PULSE GENERATOR FOR 
POWER APPLICATIONS 


Small size, lightweight power supply 
Model 591-P converts low-voltage d-c to 
high-voltage d-c or a-c pulses and is 
designed to deliver pulses having peak 
power of 150 watts. It is used to pulse 
missile tracking equipment, radar 
equipment, and airborne flasher bea- 
cons. 

Operating from a 28 volt d-c line, 
unit delivers a peak pulse power of 150 
watts at a 20 per cent duty cycle. Peak 
output voltage can be any value be- 
tween 20 and 2000 volts. with a rate of 
from 500 to 3000 pps. Rise and fall 


times are each approximately 100 pse 



















THREAD-CUTTING 
SCREWS 

TYPE 23 | 

oleh hie acne tatalaiaiciidial 


} 
j 


TT 


FUNCTION: SHAKEPROOF 
Thread Cutt ng Screws 


Type 23 
cut perfectly mated 
threads 


n metal, die castings and plastics j 


gS a _ 4+ 


VARIATIONS: Type 1 Thread Cutting 
Screw has narrow slot and standard thread 
for hard metal 





certain applications; Type 
25 for plastics has spaced thread and large 


cutting slot 





anne ee eee 





SPECIAL FEATURES: Pilot points 
enamel-reaming points, double-end studs, 
headed Thread-Cutting Screws 
con be pre-assembled with 





shoulders. 





lock washers, 
fiber washers, flat washers, special stamp 
ngs. Sealing compounds available 









HEAT TREATMENT: Special 
SHAKEPROOF 
Cutting Screws twice as strong as ordinary 


size 


heat 
Thread- 


treating makes 








screws, often reduces 


of screws required. 


the number or 





a 


— -e 
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REMARKS: Thread-Cutting screws re- 
duce fastening cost as much as 1/3 by elimi- 
nating tapping operation 
automatic hopper-fed power screw drivers 


Ideal for use with 


HEAD STYLES: All 


popular styles 














St. Charles Road, Elgin, Illinois « 
In Canada 


Offices 
Canada lilinois Tools Limited 
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available including slotted, Phillips recess i 
hexagon and hexagon washer heads. Many 7 
special heads. 

MATERIALS: Stee stainless stee 
oluminum, brass 

i eiciaiiealanatedeediealicialidearieinaat biahiiciamandidaiaiaaicean 
FINISHES: Cadmium plated, plain, 
parkerized or other finishes.as specified | 


- 
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Cutting 
mac 


re 


n Princip 


ne 


moved 


— _ ee $$$ —_____ ~ — eg 
SHAKEPROOF fig 
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Screws cut a 


ana 


Cities 
Ontario 


BY: CHECKED BY 
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Type 1 and Type 23 Thread 


standard 
screw thread 


reused. Patented 


can be 
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aqutomatic process control 
step sequencing 





Development of the Eagle step switch now 


provides a new approach to process control. \ny type 


of time or sensing device can be used to advance the 
switch, and a multiplicity of load circuits can be 
operated in any combination — up to 19 circuits. De- 
vices used to actuate the switch include: push buttons, 
limit switches, timer intervals, pressure change com- 


ponents, level control apparatus. 


The new switch also provides a sequencing in- 
terlock when used with multiple indexing circuits. A 
mechanical circuit interlock by cam action eliminates 
interlocking relays. Ten ampere switch contacts con- 
trol load switches direct — no need for load relays. 
Switch is built with 115 volt coil, and is of heavy 


duty industrial switch construction throughout. 
Make certain you get complete information on 


this new switch. Send for Bulletin 780. Eagle Signal 
oO oO 


Corporation, Dept. EM-258, Moline, Illinois. 
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NEW EAGLE STEP SWITCH | 
offers a special approach to 


Pulses are generated in a saturable re 


actor operating In conjunction with 


power transistors. Amplitude and fre 
quency of pulses are held within 2 per 
cent for variations in line input voltages 
from 24 to 30 volts, and for load varia- 
tions from half to full load. 

Unit is designed so that transient 
“spikes” in the line, or momentary 
overloads of 10 to 1 of its rated power, 
will not damage it. Battery voltage tran- 
sients are clamped by use of avalanche- 
type diodes, and do not appear across 
the transistors. Units are hermetically 
sealed. and designed to meet MIL-EF- 





5272A specifications for temperature 
and vibration. Dimensions are: 3. in 


OD x 346 In. high. Weight: 19 oz 
Arnold Magnetics Corp., 4613 W. Jef- 
ferson Blvd., Los Angeles 16, Calif 
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MINIATURE TERMINAL 
BOARDS 


Series of miniature all-set terminal 
boards in three materials meet any and 
all military specifications. There are 
three basic sizes of all-set beards 
marked for easy separation into fifths 
Each is available in a choice of a 
paper-base phenolic, a cloth-base phe- 
nolic or an epoxy glass material. Each 





is available with any of six different 
terminals: X2027, X2040, X2041, X2042, 
X2043 and X2044 
Dimensions of the boards are: small 
in. wide x 9 in. long with one 
row of terminals; medium—‘x, in. x 
91146 in. with two rows of terminals; 
and large—l'x4 in. x 9'%4¢ in. with two 
rows of terminals. Although the boards 
vary in width. all are of the same 
length. 

The miniature all-set boards are 
available without mounting. with right 
angle mounting brackets or with 4-40 
threaded stand-offs. Cambridge Ther 
mionic Corp., 445 Concord Ave., Cam 
bridge 38. Mass 
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ULTRA-SMALL, SEALED RELAY 
The Type F relay. no larger than 


postage stamp. is rated for ambient 
temperatures trom 65 € to 125 ( 
It is tested for shock of 50 g’s for 1] 
millisee. Vibration tests show fron 
9-75 eps at maximum excursion § of 
1g in. (75-2000 cps at 20 g’s accelera 


ELECTRICAL MANUFACT 



















WIDEST EXPERIENCE! 


Just as there is no substitute for Mica in many insulating appli- 
cations, there is no substitute for experience in producing mica 
products and parts. Macallen Mica is backed by more than 60 
years experience in cooperating with the electrical industry. 
So, you can be sure of getting what you need. 


SEND FOR CATALOG! 


It's easy-to-use, self-indexed form saves hours of time in select- 
ing the Macallen Mica products you need. 


THE MACALLEN COMPANY 


BAY ROAD, NEWMARKET, N. H. 
565 W. Washington Blvd., Chicago 6, Ill. 
1231 Superior Ave., Cleveland 14, Ohio 


BIN [Por 1 \ 
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KLEIN 


shear cutting plier 


inches long. 


Here is the greatest advance in oblique 
cutters. This new Klein tool with shear 
blades is ideal for cutting hard wire such 
as tungsten filament or dead soft wire. 
Also recommended for cutting small 
bundles of wire. The shearing action 


assures easy, positive cutting at all times. 


Regular cutters at the nose give added 
usefulness and convenience. The shear 
blade is easily replaceable. Plier never 


needs sharpening. 


This plier is supplied with a coil 
spring to keep the handles in open posi- 
tion. Can also be had with Plastisol 


dipped handles if desired. 


Write for full information 


FREE POCKET TOOL GUIDE 


“\ 100 years of service to 

‘ £ \ linemen, electricians 
ap 4 \ and industry is back of 

dein to \ this new Pocket Tool 


3S Guide No. 100. A copy 
will be sent you on re- 


quest without obliga- 


tion. 


Mathias aaa & Sons 
| 








207-5C shear cutting oblique plier 5' 
Coil spring keeps jaws 
apart ready for use. 






Patent applied for 


LONG NOSE 
SHEAR CUTTING PLIERS 


Patent applied for 





208-6C long nose shear cutting 
plier. A 62-inch long nose plier 
with shear blades. Point of nose 
Vye-inch diameter. Coil spring keeps 
jaws open ready for use. 


208-6NC. Similar in design to 
208-6C but reverse side designed 
to put a positive *-inch hook on 
the end of a resistor wire. Smooth 
one-motion operation saves pro- 
duction time on every television or 
radio set. 


ASK YOUR SUPPLIER 


Foreign Distributor 
International Standard Electric Corp. 


New York 


Pe eS 
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tion). Pickup time is 3.5 millisee nom- 





inal; drop-out time 1.5 millisee nom- 
inal. 

Contact rating is for 3 amp resistive 
at 28 volts d-c or 115 volts a-e; also for 
low-level applications. Terminal ar- 
rangements are suited to Mo in. grid 
spacing. C. P. Clare & Co., 4101 Pratt 
Blvd.. Chicago 45. IIL. 
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EXTRA FLEXIBLE, 
LIQUID-TIGHT CONDUIT 


\n improved Sealtite type E. F. flexible. 
liquid-tight conduit offers sturdier con- 
struction, heavier jacket, ease of in- 
stallation and superior performance. 

Over-all construction of E. F. (extra 
exible) Sealtite is improved. A heavier 
extruded PVC jacket offers greater re- 
sistance to abrasion, cutting and tear- 
ing. It also affords greater oil resistance 
and holding power for fittings. 

The improved conduit permits small- 
er bending diameters. Convenient mark- 
ings save time and prevent waste 
Length is indicated by arrows placed at 
one-foot intervals on the jacket. Trade 
size in inches also is shown. Sealtite 
FE. F. is available in cartons or on non- 
returnable reels. The latter facilitate 
handling and cutting, reduce scrap and 
simplify storage. American Brass Co., 
American Metal Hose Div., Waterbury 
Conn. 
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SUBMINIATURE 10 WATT 
POWER RESISTOR 


RH-10 subminiature 10 watt power- 
house resistor provides precision re 
sistance. high power capacity and good 
heat dissipation in the short space of 
, in. square, not including terminals 
It is available in tolerances of 0.05 
to +3 per cent with a resistance range 
from 0.05 ohms to 30 k ohms. depend- 
ing on tolerance specified. When panel- 
mounted on aluminum, the RH-10 will 


9-- 


dissipate 10 watts, derating to 0 at 2 
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make hoover your one source 


for quality balls 


you simplify purchasing when you buy from Hoover’s 
complete line of chrome steel, commercial-type carbon steel, 
stainless steel, brass, bronze and monel balls. They are 
available in all popular grades and sizes. Carbon steel, from 
3/32” through 1”... all others 1/16" through 4-1/2” in diam- 
eter... a wide selection to meet virtually every application. 


you are assured uniform high quality .. . finest in 
industry! That’s why most major ball bearing manufacturers 
are among Hoover’s best customers. Years of experience, 
unmatched processing and quality control methods pay off 
in superior, uniform quality for which all Hoover Balls are 
famous. For example, Hoover’s Grade ‘‘O”’ Micro-Velvet 
Chrome Balls, ar’ accurate within 10 millionths of an inch. 





, new literature available 

you get prompt delivery and hoover know-how. 
Hoover has been manufacturing balls since 1913. Current Hoover Bail and Bearing Company 
production capacity, utilizing the most modern machines Ann Arbor, Michigan 
and methods, is now so great that orders for millions of balls (1) Send BULLETIN 101 about Hoover Micro-Velvet 
are met on schedule every month ... your assurance of Quality Balls of chrome steel, stainless steel, brass, 
quick action, prompt delivery. bronze cad monel. 
oe st Sakae 4 Ae s s io 2 [[] Send BULLETIN 102 covering Hoover Commercial- 
For quality balls in quantity, you can depend on Hoover. tee Cited Steck Bille For @ wide vorlety of 

Micro-Velvet is a Hoover Trademark. applications. 

Name : fiscnkematio 
(PI[? Title 
Company 
BALL AND BEARING COMPANY sation 
ANN ARBOR, MICHIGAN RPA at fees 
EM-18 
SALES OFFICE AND WAREHOUSE: 2020 SOUTH FIGUEROA, LOS ANGELES 7, CALIFORNIA 
IMMEDIATE DELIVERY WIRE US OR CGsQ CALL US IN ANN ARBOR AT NORMANDY 3-4274 OR IN LOS ANGELES AT RICHMOND 7-0593 
—> 
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vote... Unguot 


HOW USERS PROFIT WITH 
AUTOMOL D 








COMPRESSION MOLDING MACHINES 





..cost down to 7¢ per unit." 


' onteat ie Pan tire Aine tat wer at Sneta tl Tas 
"...increased production rate 35% improved apy e 
" - - _ - + - | ~ 

Maintenance cost extremely low..." 


These quotes are an indication 
of Automold’s outstanding 
qualities. Few, if any, auto- 
matic press manufacturers can 
make all these claims—and 
none of comparable capacity 
can match our clincher: the low 
first cost of Automold and its 
installation. As one electrical 
manufacturer said, “The cost 
of the die and the press itself 
was less than the cost of mak- 
ing a transfer die for our 200- 
And then, 
“... the Automold press began 


ton transfer press.” 


producing parts immediately 
after being installed and set up 
for operation.” 


These presses, in 10, 25 and 50 
ton capacities. are fully auto- 
matic, require only 100-120 Ib. 
air supply. standard 110-220 
\. circuits and small compact 
molds you can set up in less 
than two hours. Our revolu- 
tionary toggle power is de- 
pendable, easily maintained, 
And our engineers will test run 
your mold in our plant. You 
can't lose—so check with our 
representative in your area or 
send for his name and latest 
brochure. 





3201 Exposition Place, 
Los Angeles 18, California 
Eastern Office: 4100 Midland, 

Detroit 3, Michigan 


AUTOMOLD AS50B automatic 
compression molding press 


Distributors in Albuquerque, Chicago, Dayton, Detroit, Garden City, N.Y., 


Franklin, Pa., Monroe, N.C... 


Leominster, Mass.. Los Angeles, Syracuse 


Pe Vian em Peal age a 


Subsidiary of Wagner Brothers, Inc. 
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C. Conservative wattage rating in tree 
air is 6 watts. 

The entire resistor element is rug 
gedly constructed with welded termina 
tion throughout. This element is sus 
pended Im a spec ial shock absorbing 
compound which also seals it from 
severe environmental conditions 

The unit is permanently inserted into 
the black anodized aluminum housing 
This housing, besides offering prote: 
tion from mechanical shock and vibra 
tion, allows rapid heat transfer from 
numerous radial fins. The RH-10 is one 
of a series of powerhouse resistors rated 
from 10 up te 250 watts. Dale Products 
Inc.. 1306 28th Ave Columbus. Neb 
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SIZE 10 TRANSMITTER 
SYNCHRO-RECEIVER 
SYNCHRO 


Newly cle veloped a more adaptable 
size 10 115 11.8 volt 400 evele transmit- 
ter svnchro-receiver synchro. Rated 

| 


put voltage ot the synchro eliminates 


1 stepdown transformer. thereby 


ducing both system size and weight 
Type 10-4081-01 synchro transmitter 


has an angular accuracy of 






utes Type 10-4085-07 receiver svnehro 
has 45 minutes accuracy error and | 
degree friction error. Transmitter-re 
— - ‘ 
= Ha il 
= =a 






system has torque gradient of 
2900 mg MM degree. Rotor 
ance is 810 + J 2660, stator impedance 
11.5 + J 29, rotor impedance with 
stator short circuited 1000 + J 450 
phase shift 


ceive 


im pe d- 


degrees rotor to. stator, 
rotor resistance 360 ohms and _ stator 
resistance line-to-line 9.5 ohms. Jolin 
Oster Manufacturing Co.. Avionic Div., 
1 Main St., Racine, Wisc. 
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TEFLON BELLOWS HAVE 
HIGH BURST STRENGTH 


Line of Teflon bellows is said to have 
twice the burst strength and 20 times 
or more the flex life of conventional 
Teflon cylin- 
attributed to their 
being molded of a high-density virgir 
Teflon rather than ma- 
chined of conventional Teflon. 
Fluoroflex-T 


both low and medium pressure service. 


bellows machined from 
ders. This can be 


compound, 
molded bellows cove! 


Dynamic working pressures as high as 


PLECTRICAL MANUFA 
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7 
NOW-—SEALS OF ACADIA SILICONE a 


for Laboratory and Industrial Ovens 









ph courtesy of Labline Inc., 


Labline has found that Acadia’s 
Silicone Compound 870T when shaped 
by Acadia’s engineers yields a winning 
combination. It is used exclusively on 


all their ovens. 








MEAN MORE LEVEL 
TEMPERATURE HERE 











Now you can have a laboratory oven door seal that stays 
tight even after sustained temperatures of up to 600° F. TIME O 16 390 45 Ft 18 30 45 2 

Acadia Silicone rubber is not affected by grease or LOW COST SHAPES...WIDE RANGE OF COLORS 
acids. It is non-toxic, has good tear resistance, and low 
compression set. Under certain conditions it can even 
double the length of time between heating cycles. More- 


over, temperature variations in different parts of the =| 


oven are greatly reduced. 


ey, 


SSSHSSSSSSSSSSSSHSESESSSESESSESESESSESEEESEESE 


7 
de 


ACADIA‘ J 


Seeeeeseseeeeseeeeeeseeeeeee 









ATI a™ . yo = " ° 5 
(ep -\ o A j Over 30 different designs readily available 
A L “ PRODUCTS 
+ x 
ee e) Processors of Synthetic Rubber and Plastics There’s an Acadia Sales Engineer near you to serve you. 
Nee” Sheets + Extrusions * Molded Parts 


Write us and we'll put him in touch with you immediately, 


DIVISION OF WESTERN FELT WORKS e¢ Manufacturers and Cutters of Wool Felts e 4021-4139 W. Ogden Ave., Chicago 23 
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Industry after Industry Benefi 
from the Advantages of 


KILLARK 


ELECTRICAL FITTINGS 


Killark Alumallov fittings offer much in the way of have-vour-cake-and- 
eat-it kind of advantages. Take, for example, their weight. Theyre light, but 
~— also strong—rugged enough to do a man-size job (becauss ney ee cast 


at gh pressures from an exclusive aluminum alloy Chev re rust and 


rosion proof too—unaftected by any ind of weather. Also safe and non- 
sparking. 

These are just a few of the reasons why more and more ee 
ment manufacturers are turning to Killark. Can vou use thes« features te 
cood advantage to protect the quality ind performance of your equipment 

Loris Portable stg Rig—127 ft. high—bvy Franks Mig. Co. of Pampa 
exas. te lescopes Wn WoO pieces tor transportation on its own os led 
hassis. That's why tl hoice of Killark vapor-proot fixtures, conduit bodies, 
switch ind plugs and recept icles is important 

| bles ta tie tat 


tal weight, while contribut 


thy, 


LIGHTWEIGHT 
PORTABILITY 


electrical svstem 


9 | he world’s largest sandpaper manufacturing 
unit is controlled by Killark Alumallov Safety Stop 
Switcl j inv original equipment manu 

\linnesota Mining & Mfg 
ooking tor electrical fittings that 


| performance. Killark Alumalloy 


I 


‘ 


gave them this assurance 
of 100% dependability plus (1) rust 
1 corrosion resistance, (2) light 


weightness and (3) strength well 


bevond the call of duty. 


+S herever there's moisture 
there's likely to be rust. That’s why 
the C. V. Hill Co. of Trenton, N. J. 
specifies Killark Fittings as OEM 
mponents in their commercial refrigeration equipment. Killark EXPLOSION-PROOF SAFETY 


ings are made of rust and corrosion resisting aluminum. 


Asn drive-in movies, vear-round comfort can mean vear-round 


Income Mo € id more d Ve-lns ; ie go Wwe ( ; 
lore ai ! rl I ire installin ither pl tected ete MOISTURE RESISTANCE 
irk junction boxes for their heater installations ind round-the- ae “ 


} 


: : 
ndar entertainment. Killark offers non rusting cast aluminum 


vater-tight, spring-loaded lid: single « vo-gang stvles 


WEATHERPROOF PROTECTION 


SRS PU ee 


Vandeventer and Easton Aves. St. Louis 13, Missouri 
Atlanta 69 Mills St., N. W. Dallas 1901 Griffin St Philadelphia 2014 Chancellor St 
SALES OFFICES and Boston 49-51 D St. Denver 1073 Galapago Pittsburgh 4830 McKnight Road 


Buffal 278 Joh 3 
WAREHOUSE STOCKS ies 1528 a ee ~ Detroit 8319 Mack Ave. San Francisco 714 Harrison St 


Cincinnati 1031 Meta Dr. Los Angeles 412 Seaton St Seattle 4130 First Ave., So. 


Baltimore 11 W. 25th St Kansas City, Mo. 616 W. 26th St. 600 W. 181st St 
SALES OFFICES Columbus 390 McCoy St. Minneapolis 826 Andrus Bldg 


Sales Offices and Warehouse Stocks throughout Canada 
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120 psi, full vacuum service, bending 
deflection up to 70 degrees and axial 
movement to 2 in. or greater are a tew 


of its unusual characteristics. 








The molding process maintains the 


linear orientation throughout the be 


lows convolutions thereby providing 


optimum tensile strength ind fatigue FOR DESIGN PROBLEMS 


life 
This concept for the fabrication of 
bellows provides unusual flex life te iINVO LVI A eee 


compensate for expansion and contrac OD 


tion, misalignment and vibration in all 


CORROSIVE CHEMICALS OR GASES 


pumps and equipment where corrosion LUBRICATION DIFFICULTIES 
combined with high temperatures is a 
es SG oe “Ea cage Ra FLUID COUPLING SEALS TEMPERATURE VARIATIONS 
semaperatures as high as 450 F. Resisto - - CLOSE TOLERANCES OR COMPLICATED SHAPES 
flex Corp., Roseland, N.J. So WEIGHT RESTRICTIONS 
a ee ee ee ee CONTROLLED FRICTION 
on page 


ELECTRICAL CONDUCTIVITY 
ELECTRICAL ARCING 


& COST 








SUBMINIATURE RELAY HAS 
DOUBLE SPIRAL SPRINGS 





|g @ 


Snap-action switching and double spi ++.and many others 
. ral spring ire ty ernal design rc 
ee a i a ___ PUMP BEARINGS Stackpole carbon and graphite— 
elavs. Sna er acti of the rela used singly, in combination, or 
vitch  ¢ ites the “floating cor oO mixed with metal powders—bring 
t t j sure } mpact r ( . sine pease 
on i , a.m design flexibility to hundreds of me- 

tact ‘ ind ’ rapid flicht t ¢ 


GAS TURBINE SEALS 


a 


PUMP_VANES 


a 


Oll_& GREASE SEALS 


chanical engineering problems. 
Special grades are constantly being 
developed to meet specific requirements. 
Ask your local Stackpole Field Engi- 
neer or send details of your problem for 
recommendation. 










CARBON GRADES FOR MECHANICAL APPLICATIONS 

























| Appar- | Max. Safe 
Grade Hard- | Strength ent Oper Typical 
' ] | Density Applications 
Ihe double spiral spring has bee 

esigned lo! non-resonance ove! i 

frequency range ot U to more that 

sO) : | } : aes : Corrosive Chemicals 
y cps. t provide = good armature PISTONS _ a 

setivity, plus good armature. stability | _ High speed, High 





SK 145 


> ' SK 187 
*s 33 relavs are characterized bv NEW SK 188 


small size and low weight for units of 


90 | 8000 1.80 800 ' | Temperature Aircraft 


80 | 9000 1.7 650 | High Altitude 
65 | 7000 1.78 650 ? Bearings 


from movement in undesirable planes 





Serie 



















P re SK 152 | 100 | 10000 | 1.75 | 650 / Very hard 
such high contact rating Phillips Cor aT ay ut he a ae ms oe — = caster tnaiiin 
trol Corp., 59 W. Washington St | | operating in liquid 
Joliet, TI ete — 
Cncle Ne, Seals 
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Vanes & Bearings 


Turbine Rings 


| 
manufactured for millions of opera- al a 
1 La 
tions with various power requirements show A Per Shhh | i 
. - | a | 
ranging from 0.050 watts to 0.004 pong to 1200°F com 
watts of d-c, a-c or r-f. Actuating volt- pind ed to the Art 
“ - . or 
ige is 0.4 to 0.5 volts. ¢ omponent parts 5 of reas for non- 
‘ a . ) - 
will withstand 1.5 volts without fail treated Ba led 
if 
ure. Operational differential voltage i 


SENSITIVE THERMAL RELAY 


The TR-103 relay is designed and 








STACKPOLE CARBON COMPANY, St. Marys, Pa. 
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cables too! 


Leader in miniature and sub-miniature insulated wires and cables, 
Hitemp Wires, Inc. now keeps pace with the growing need for large 
diameter, multi-conductor cables which meet today’s toughest 
environmental problem... high temperatures. 
Hitemp’s cable engineers have already designed, developed and fabricated 


hundreds of custom, large diameter assemblies destined for unique 
high temperature applications. Cables with fifty or more individually 


color coded conductors — cables in combinations of insulated conductors 
with ratings of 1000, 600 and 300 volts — cables using Hitemp’s new 


“High Strength” conductor for 400% more flex-life. 


Whether you're in the blueprint stage or in prototype testing, whenever or 
wherever you need temperature control in large diameter (jumbo) cables 
call Hitemp for the design help you need. 


WIRES, INC. 


i 1200 SHAMES DRIVE, WESTBURY, NEW YORK 


w=? 
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0.02 volts (contact current 0.1 amp). 
Contact rating: 1 amp at 115 volts 
a-c, resistive load. With proper are 
suppression, this relay will accom- 
modate a 100 watt tungsten lamp 
load. 

The TR-103 is hermetically sealed 
in a glass vial to eliminate contamina- 
tion or oxidation of parts and to pro- 
vide for visual inspection of contacts. 
Ease of operation by transistor, mag- 
netic amplifier or directly from a solar 
cell is assured. 

Applications include use as a small 
voltage change (4 per cent) detector, 
an under-or-over current or voltage in- 
dicator, a variable time delay and a 
fail-safe monitor for r-f. Hamlin, Inc., 
1316 Sherman Ave., Evanston, III. 
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BROAD BAND FERRITE 
ISOLATOR 


Model W177-5C-1 transverse field fer- 
rite isolator operates over the fre- 
quency range of 8.2 to 12.4 kme ¢a- 
pable of handling an average power 
of 100 watts. Isolation is indicated at 
20 db min and insertion loss is only 


1.3 db max over the entire range 


Other features include: input vswr 
of 1.15 max. peak power at 5 kw and 
temperature-ambient from ao © ‘to 

100 C, 

Dimensions are: yi in. deep xX ] 
7. in. high x 2°32 in. wide, with 
weight at 2.4 lb. This unit consists of 
rectangular waveguide with permanent 
magnetic transverse field and _ ferrite 
sections built into it. Kearfott Co., 
Inc., Western Div., 14844 Oxnard St., 
Van Nuvs. Calif. 
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100:1 RATIO VOLTAGE 
DIVIDER 


Voltage divider adapter, designated 
Model 91-7A, has been developed for 
use with manufacturer's Model 91-B 
RF voltmeter to extend its voltage range 
and raise its input resistance. Model 
91-7A is a capacitance divider with a 
step-down ratio of 100:1, thus convert- 
ing the 0.001 to 3 volt range of the 91-B 
voltmeter to 0.1 to 300 volts. 

Frequency range of the divider is 
500 ke to 500 me. with self-resonance 
at 900 me. Feature of the 91-7A divider 
is its high shunt resistance, approaching 
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Waldes Truarc Rings speed assembly, facilitate maintenance, 
improve performance of new automatic calculator 


CRESCENT RING SPEEDS 
ASSEMBLY, DISASSEMBLY 


Main clutch utilizes radially 


s 5103 crescent 


bet 1c 
between ring 


tuds. The main 


tHe New MARCHANT DECIe MAGIC 


automatic-decimals calculator mode by Morchant Calcu- 


lotors, Inc., Oakland, California 


LOCKING PRONG RINGS PERMIT SIMPLE 


bly uses two Truorc series 5139 bowed lock 


E-RING SECURES PARTS AGAINST SPRING 
THRUST. Slip clutch assembly uses Truarc series 5133 
E-ring to hold parts on shaft. Functioning of the assem 
bly is dependent upon the ring’s abil to withstand 


thrust exerted by the heavy bor 


Whatever you make, there’s a Waldes Truarc Ring de- rials through to the finished product. Every step in manufac- 
signed to save you material, machining and labor costs, ture watched and checked in Waldes’ own modern plant. 


funttinnivn of ‘ : ‘ 
and to improve the functioning of your product. Field Engineering Service: More than 30 engineer- 


ing-minded factory representatives and 700 field men 
Complete Selection: 36 functionally different types. are at your call. 

As many as 97 standard sizes within a ring type. 5 metal 
specifications and 14 different finishes. All types avail- 
able quickly from leading OEM distributors in 90 stock- 
ing points throughout the U.S. and Canada. 


In Truarc, you get 


Design and Engineering Service not only helps you 
select the proper type of ring for your purpose, but also 
helps you use it most efficiently. Send us your blueprints 


today...let our Truarc engineers help you solve design, 
Controlled Quality from engineering and raw mate- assembly and production problems.. 


WALDES Waldes Kohinoor, inc., 47-16 Austel Place, L.1.C.1,N.Y 


i Please send new, descriptive cata og showing a 
types of Truarc rings and representative case his- 
tory applications j . 
Nome 
i 
~ Title 
cal 


“2\. RETAINING RINGS oe 


Business Address 
an 4) WALDES KOHINOOR, INC. 
epee 47-16 AUSTEL PLACE, L.1.C.1, N.Y. 


WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the fo 
2.411.761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,48 
2,544,631; 2,546,616: 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U.S. Patents pending. E 


. without obligation. 
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100 megolms at low irequen: ies and in 


the order of one megohm at 100 me. 


Shunt capacitance ts 2.5 auf. Another 


--- SINTERED 
POWDERED METAL 


feature is that the full-wave 


BEARINGS and PARTS SSA cae see 
ee important 
square law region of the 91-B  yolt- 
meter is extended, permitting rms re- 
sponse to approximately 10 volts. Boo 
ton Electronics Corp., 738 Speedwe 


Ave., Morris Plains, N. J. 
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The newest facilities tor the i. J “> | THIN GAUGE STRIP NICKEL 


production of bearings and parts Electronic Grade “A” Nickel, sp 
made of Sintered Powdered Metal SE es RE gp ai 
and Cast Bronze Alloys are offered to ee et eee ee eee 
designer, engineer and machinery 
manufacturer by The Bunting 

Brass and Bronze Company. 


applications, is available in’ ultra-t! 
gauge strip and is being widely 
electron tubes, plates in high 
vacuum condensers inode plates 
ing contacts, spark gaps, cathode shi 


} 


in rectifier tubes and similar devices 


Moreover. the high magnetostriction 


7 efhcient of this material makes it suit 
* or mponents employing 


Bunting resources, principle. 


reputation and responsibility 
together with a complete 
new plant and modern 
equipment provide Sintered 
Powdered Metal products wae: Geuen oe thousands of pounds 

at a high point of quality the nickel strip resists oxtdath 
and precision. 


Grade “A” 4 is available 
thicknesses as i from 0.025 


down to 0.0005 in. to tolerances 


close as 0.0001 in. in quantities t 


high temperatures, can he worked 
welded and silver-soldered easilv. ¢ 
ductivity at moderate temperatures 1s 
high enough to permit its use as a cu 
Bunting Engineering is rent carrying lead. A high modulus 
available without cost or elasticity 
obligation to all. Write vibrational and microphonic effects 
for new Bunting American Silver Co., 36-07 Prince St. 
Engineering Hand Book. ; Flushing 54. N. ¥ 

24 pages packed with new , Circle No. 528, Reader Inquiry Service Cards 
technical data on an eae es 

powdered metal products 


manufact ure and OIL-TIGHT INDICATOR 
application, 
LIGHTS 


Series oft oil-tight indicator lights 


ind damping tactor minin 


Sintered Plain and Flange Bearings, Solid and Tubular Bars and 
Thrust Bearings, Cast Bronze Plain Bearings and Bars are avail- 
able from stock in a wide range of sizes. Quotations for special 
bearings or special parts will be sent promptly on receipt of prints. 


Bunting 


BUSHINGS, BEARINGS, BARS AND SPECIAL PARTS 
OF CAST BRONZE AND POWDERED METAL 


The Bunting Brass and Bronze Company + Toledo 1, Ohio * Branches in Principal Cities 


~-e in heavy-duty industrial appli 
ms are permanently oil-tight, wate 

tight. and dust-tight, due to 

designed bushing and lens caps 


l-piece. solid brass 
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All new ip) oscilloscope 
Pi $43500 


DC to 200 KC coverage; automatic triggering, 
minimum controls 


Sweep speed range 1 ,sec/cm to 0.5 sec/cm; 
x 5 sweep expansion all ranges; vernier 


15 calibrated sweeps, 1-2-5 sequence 


Automatic synchronizing on any internal or 
external voltage; also line voltage 


High sensitivity, calibrated vertical amplifier 


All power supplies regulated for 
maximum stability 


New -hp- 120A and -hp- 120AR (rack mount) oscilloscopes. Note space-saving 7” height of 120AR. 


These totally new -hp- Om ile scopes are engineere 


I pertorm most 


oscilloscope measurements more quickly, simply, dependably. Automatic 


iggering means no adjustment ove1 1utomatic 


Sweep speeds vary tron 
transients. High sensitivi 
Vertical and horizontal 


ment 


HEWLETT-PACKARD COMPANY 


4621M PAGE MILL ROAD + PALO ALTO, CALIFORNIA, U.S.A 
CABLE “HEWPACK" * DAVENPORT 5-4451 


-hp- provides industry's newest, most complete oscilloscope line - 
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Circle 


are fully 
kets. All 


preventing 


gasketed with oil-proot gas 


gaskets are retained, thus 


loss ot se al. 
Other advantages include: high im 
insulation, streamlined 


pact phenolic 


design, compact shape. and rugged 
construction 

functional feature is 
with NE-5] 
neon glow lamps on voltages up to 250 


Phe 


assembly 


An important 
the built-in resistor for use 


resistor Is 
built-ir 


volts. 
of the 
base of the 

The 


type 


unit 


stovepipe lens is he “fluted” 


and provides omni-directional 
The lens 
plain, 
back 


colors 


visibility. also 
fied as 


frosted 


may be speci 


untrosted, or with 


There is a choice of 7 


lens Terminals may be either 


solder-type. Dia 
Brookly1 


the screw-type o1 the 
light Corp., 60 Stewart Ave 
7. 
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FLAME RETARDANT 
LAMINATE 


Plastic combines 


laminate g 


added 


and aré 


trical characteristics with the 


flame retardance 
Known as Insurok 
XT-901, the makes 


an electrical whose 


features ot 


> t 
resisti 


Grade 


ince 
laminate available 


grade flame re 


179 on page 17 


tardance properties are unaffected by 


ise conditions. 


et 
Electrical 


which is 


or service 
characteristics of the 
erade identified by its dis 
tinctive red color—exceed the  pub- 
lished NEMA values for XX XP pheno- 
lic laminates. Electrical and ar 
XT-901 are 
and are retained after exposure to high 
conditions. It 


i> ial 


resist 


ince properties ot 


good 


W tif 
un ty 
humid or 


can be fabricated 


immersion 
readily with 
hot punching equipment 

The grades combination 


erties makes possible a 


~~ _ a 


uses: it is well-suited for high voltage 


applications tly back 


boards: low 


such as trans 
cold 
spacing in 


jack 


and 


former terminal 


flow assures retention of 


riveted assemblies, such as 


spacers and relays: superior wear 
abrasion resistance coupled with good 


are resistance suggest use in applica- 


Addi 


absorp 


tions involving sliding contacts 


tional features are low water 


and low edge and center 


sion. The Richardson 
St.. Melrose Park, Ill 


Circle Reader Inquiry Service 
on page 17 


tion expan 


Co.. 2765 Lake 
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FLAT BOROSILICATE GLASS 
HAS MULTIPLE USES 
Flat borosilicate glass featuring high re 


to thermal shock and chemical 


action can be 


sistance 
ised continuously 


unde 


propel conditions at temperatures aj 


! 
When it is 


temperature 


900 


used fo 


differe I 


sets the 


proaching 
sight 
1 


tial 


gl asses. the 


between the faces usually 
maximun 


about 450 | 
dom exceeded in 


operating temperature 
which temperature Is s¢ 
most industrial oper 
tions 

\ lower coethes Ol expansion pet 


borosilic ate | to 


mits 


withstand 


higher temperature 


ordinary lime glass 


WOrAINY 


pper 














































from 2330 C for 
Allowable face 


temperature differentials, as shown by 


temperatures range 


tempered borosilicate. 
are: ¥4 in. 
159 C; and, 


tests on 6 x O6-1n. plates, 
thick—180 C; 14 in. thick 
14 in. thick—100 C 

[his glass is highly resistant to cor- 
rosive action of acids, exe ept for hydro- 
fluoric and raw phosphoric. The glass 
also offers abrasion resistance approxi- 
mately three times that of ordinary lime 
glass. 
glasses, 


Applications include gauge 


oven door glasses, heat shields, and 
electronic ovens. Blue Ridge Glass 
Corp., Kingsport, Tenn. 
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HIGH-SPEED SAMPLING 
SWITCH 


High-speed multichannel low-level sam 
pling switch has been developed for 
use in systems where it is neces- 
measure voltages in the 
millivolt region, such as those obtained 


from strain gages and thermocouples 


sary to low 


with high svstem accuracy. The switch 
rotor to 


iseés) a permanent magnet 


sequentially operate individually her- 
metically sealed contacts. Long life 
and low noise are achieved through 


the elimination of sliding-type contacts 









*Trade-Mark 


Circle 
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contacts. 


in favor of stationary-type 


The switch has its major applica- 
tions in structural test, flight test, 
missile test. wind tunnels, nuclear in- 
stallations, and other airborne’ or 


vround instrumentation facilities where 


many low-level signals must be 
sampled rapidly. Multiplexing at low 
the 


need 


level to required elimi- 
the 


amplifiers 


accuracy 
individual channel 


the 


nates tor 


between signal and 
multiplexing switch. 

The photograph shows a 40-contact, 
30-rps switch with a 110-volt, 60-cycle 
the in- 


Also 


magnetic 


synchronous motor and one of 


dividually replaceable contacts. 
the 


head, available 


shown on switch is a 
as optional equipment. 
these 


pulses 


may be 
channel 


heads 
for 


One or more ot 


used to proy ide 


Chelsea Milling Company, maker of well-known “Jiffy”? brand premixed foods, uses 


POWER-UP 





you CAN BE SURE...1F os Westi ngh ouse 
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gat 


cr 


dentinication, system timing, and es 


for the system amplifier or telemetry 


Dimensions of the 40-con- 


) 


tact switch are 5 in. diam by 2-34 


high for the switch deck, and 5-'% 
additional height for the motor. The 
switch can be supplied in multiple- 
deck configurations with various num- 
ber of contacts per deck and with 
various motor speeds and voltages. 
Specifications include: dynamic con- 
tact resistance below 0.25 ohms; open 
circuit resistance above one _ million 


megohms; minimum switch cycle time 


reak-away, transit, and 


500 


including b 


dwell times under USEC; 


contact 
make or break current 
10 volts; 


contact operations over! 


up to 10 ma; 


voltage up to life in excess 


of 50 million 


wide range of environmental con- 
ditions. The Magnavox Co., Research 


Laboratories, 2255 So. Carmelina Ave., 
Los Angeles 64, Calif. 
Circle No. 532, Reader Inquiry Service Cards 


on page | 


MAGNETIC BOBBIN CORES 
Magnetic bobbin cores are available in 
41-79 
rectangular 


either of two materials: molyb- 


denum permalloy—a hys- 
teresis loop material containing 4 per 


cent molybdenum, 79 per cent nickel 


and 17 per cent iron, characterized by 






Westinghouse CYPAK 
takes the “mix up” out of cake 
storage conveyors 





flexible Cypak* static control to reduce materials-handling costs at its plant in Chelsea, Mich. 


Starting at the mixing and packaging machines, Cypak control memorizes the sequence of 
cartons going to the warehouse . . . maintains carton identification automatically 
... directs storage according to the preselected pattern. In addition, Cypak predetermines 


subsequent delivery to the loading dock. 
Result: substantial savings have been realized through reduced handling and carton breakage. 


For complete information on Cypak, call your Westinghouse representative. Or, write 
Westinghouse Electric Corporation, 3 Gateway Center, P.O. Box 868, 
Pittsburgh 30, Pennsylvania. 


CONTROL 























Shaking for cocktails is a must — but certainly not indicated in your 
automobile. And that’s just what you would get — king-size shaking 
and vibrating if your car were not equipped with washers that are 
designed to counteract the natural forces of friction and vibration 
with consequent looseness. 


Metal washers are our business — Flat, Lock, Spring, Saw Tooth in 
all variations. We Garrett people worry about them . . . constantly 
strive to improve them ... and can deliver any type in any size or 
shape (many out of stock) to fit your application — pronto! 


Your Garrett Sales Engineer is fully qualified to discuss your metal 
washer problems. If he 
doesn’t have the an- 
swers, he certainly 
knows where to. get 
them fast. 
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GEO. K. GARRETT COMPANY, INC. 
TORRESDALE AVE. AT TOLBUT ST., PHILA, 36, PA. 
] HAVE YOUR SALES ENGINEER CALL 


PLEASE SEND LITERATURE ON THE FOLLOWING: 


[] FLAT WASHERS (0 SAW TOOTH WASHERS 
] HELICAL SPRING (C1 HOSE CLAMPS 
LOCK WASHERS [) STAMPINGS 


] SPRING WASHERS 
STATISTICAL QUALITY CONTROL 


Name 
Title 
Company 
Address 


City Zone State 


EM258 
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minimum switching time for a_ given 
capacity and medium saturation flux 
density; and Orthonik—a rectangular 
hysteresis loop material containing 50 
per cent nickel and 50 per cent iron, 
characterized by high saturation flux 
density and medium switching time for 


a given drive capacity. 





The bobbins are either high quality 
ceramic or stainless steel, the stainless 
steel being recommended for those ap- 
plications in which a larger hole size 
ora tighter coupling is required. The 
cores are supplied protected by mylar 
tape or by nylon caps wherever it is 
desirable to have additional protective 
coverings. 

Bobbin cores are available in tape 
widths from ‘42 in. to 1 in. and in 
tape thicknesses from 4, mil to 1 mil 
and are tested to rigid quality control 
specifications. G-I Electronics Co.., 
Inc.. 2921 Admiral Wilson Blvd., Cam 
den 5, N. J. 
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MATERIAL JOINS SIMILAR 
AND DISSIMILAR 
NON-FERROUS METALS 
Material called InterAct makes possi 
ble the chemical joining of copper and 
aluminum, until now possible only by 
chemical means. The material also 


forms a permanent chemical bond 


through ion exchange between such 
materials as magnesium, titanium, 
brass, zine, silver and gold. The result- 


ing joint is usually stronger than either 
of the metals involved, is frequently 
greater in corrosion resistance, and 
has similar electrical, physical and 
chemical properties 

The material is available in produc- 
tion quantities in three forms: Inter- 
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rea 


FiuoroPty -E 


a 


IRE LAMINATES UNAFFECTED BY SEVERE CONDITIONS 


Printed circuits no longer need be limited by 
extremes of temperature, moisture or electrical con- 
ditions. IRC FLUOROPLY®* laminates offer the 
electrical and physical advantages of Fluorocarbon 
plastic to which copper foil is bonded without the 
use of adhesives. 

High volume and surface resistivity and high are 
resistance are among the many unequalled charac- 
teristics of IRC FLUOROPLY boards. With no prob- 
lem of surface leakage, and no change in standard 
production methods you can expand the applica- 
tions and improve the performance of your printed 
circuits. 

Send for Bulletin LT-2, giving detailed specifications, 
sizes, thicknesses, properties, capacities, post-etching 
suggestions and handling recommendations. 


NA 
eT | 


FEBRUARY 1958 


Unhonwer the 
Coral, Says 


Copper foil bonded to pure fluorocarbon 
plastic base. Superior insulating qualities and heat resistance, 
zero moisture absorption. 12'' x 12'’ boards with copper on 
one or both sides. Wide range of thicknesses and cladding. 


Epoxy fiberglas base surfaced with fluoro- 
carbon film. Exposure of film when copper is etched gives im- 
proved surface and moisture characteristics. 15'' x 15'’ boards. 


A XXXP Phenolic base surfaced with fluoro- 
carbon film is used to provide superior surface properties with 
high rigidity required for solder dipping. Available in12‘'x12"' 
boards with a variety of thicknesses, either single or double clad. 


Teflon® fiberglas based laminate with 
outstanding thermal properties. Rigidity, superior solder pot 
properties and excellent surface characteristics. 12'' x 15°’ 
boards, wide range of thicknesses .. . 
weights and single or double clad. 


electrolytic copper 


Pure Teflon® laminate having copper bonded 
to one or both sides. These 12'' x 15’ boards exhibit excep- 
tional electrical properties, excellent high temperature resist- 
ance, and high bond strengths. 


® T.M.—E. |. Du Pont de Nemours & Co 
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9 Ways to Improve Printed Circults 


INTERNATIONAL RESISTANCE COMPANY, bept. 291, 401 N. Broad St., Philadelphia 8, Po. 


In Canada: International Resistance Co., Ltd., Toronto, Licensee 
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IF VOLTAGE REGULATION IS 
A PROBLEM THIS MESSAGE 
IS DIRECTED T0 YOU 


Developments at Victoreen open up many new 
applications which heretofore have been restricted 
to complex, expensive, conventional methods of 
regulation due to high current requirements. 


Current ratings have been increased to as much as 
4, 6 or even 8 ma in the new Victoreen corona reg- 
ulators. These are produced for MIL and other 
applications in T6% and T-9 envelopes in voltage 
ranges below 3500 v. 


They offer many opportunities to simplify cir- 
cuits .. . to decrease complexity and costs... to 
provide a type of regulation never before available. 


Our Applications Engineering Department is 
eager to help you out of your voltage regulation 
dilemma. A letter or call may solve your problem. 


AA-5760 


i 
2 





fictoreen Instrument Company 


Components Division 
5806 Hough Avenue, Cleveland 3, Ohio 
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Act-S, composed of the chlorides of 
zinc, lithium, potassium, and sodium, 
encased in a pure alloy of zinc and 
aluminum. This material is recom- 
mended for T joints, butt joints and 
other exposed-type junctions; Inter- 
Act-E, similar in formula to InterAct- 
S. is recommended for joining broader 
areas of contact; InterAct-G, a totally 
different formula, is composed of alum- 
inum trichloride, zinc chloride and sod- 
ium chloride. It is recommended for 
joining foils and other materials where 
large surfaces are to be brought to- 
gether at temperatures lower than 
those available with the use of Inter- 
Act-E. Intertectics, Inc., Northfield and 
Forbes Rds., Bedford, Ohio. 
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SOCKET FOR JETEC 30 


TRANSISTORS 
Sor ket is designed lor use with the 
new 3 and 4-pin Jetec 30 transistors 


and is molded from mica-filled phenolic 
per MIL-M-14, Type MFE 


The beryllium copper contacts are 


wrap-around = style, silver-plated and 
Y, * >} E 
of 


gold-flashed for good contact and cor 
rosion resistance Contact numbers, 
molded into the rear ot the socket 
make identification easy. Key mark i 
molded into the top of the socket for 
line-up with transistor case tab 
Either rivets or No. 2 screws can be 
used for mounting. Grayhill, Ine., 561 
Hillgrove Ave.. LaGrange, II] 
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FLATTED DEPOSITED-CARBON 
PRECISION RESISTOR 


Encapsulated. with a flatted area, the 
Fixtohm deposited-carbon precision re 
sistor presents certain advantages over 
the conventional round cross-section, 
such as: flatted area serves as index 


surface tor automation. permitting ori- 
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Use Armco’s Special Electrical Steels 


to step up performance and cut costs 


Audio and TV Transformers 
High Impedance Devices 


ae eel ay i Instrument Transformers 


Servo-mechanisms 
High Frequency Generators 


Large Motors and Generators 
Induction Regulators 


DI-MAX ab for High Efficiency Motors 


TV Power Transformers 
Watt-hour Meters 


These Armco-pioneered electrical steels offer unique Design Data Available 


combinations of peSpeenes that give _— both design Put the unusual magnetic and fabricating propertie 


¢ ucti adv: ages. ; : , 
and production advantage of these special Armco Electrical Steels to use in your 


yroducts. Just fill out and mail the coupon for ex 
ee a a 


tensive design data that will help you use them most 

permeability at low and moderate inductions, reason- 
effectively. 

ably uniform properties in all directions, low core loss 

and adequate ductility. Its available in coils or cut 

leneths, in 29 and 26 gage, with or without standard 


or special Armco insulations. Armco Steel Corporation 


DI-MAX® M-15 is a low core loss grade with 
uniform high ductility for punched laminations of 
any size and shape. At high inductions its permeabil- 
ity is better than that of standard M-15, and its flatter, 
smoother surface assures a high lamination factor. 
Available in coils, DI-MAX M-15 has uniform gage 
and annealed ductile welds that facilitate punching 


and core assembly. 


ARMCO STEEL 


ARMCO STEEL CORPORATION e 1378 CURTIS STREET, MIDDLETOWN, OHIO 


SHEFFIELD DIVISION *« ARMCO DRAINAGE G METAL PRODUCTS, INC e THE ARMCO INTERNATIONAL CORPORATION 
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New-product news from Louis Allis 


60% shorter— 
but with radial air-gap design! 


New Louis Allis Pancake Motor preserves 


all the advantages of conventional motor construction 


The new Louis Allis Pancake Motor is your solution to trouble-free power 
in any space-cramped motor application. 


The Pancake is a remarkably short flange-mounted motor — up to 
60% shorter and 33% lighter than standard motors of the same rating! And 
it is built in conventional radial air-gap design! 


It’s done by an ingenious forming process which literally compresses the 

end coils of a conventional radial air-gap motor into an exceptionally short length. 
The result is a compact, light motor ideally suited for horizontal or vertical 
mounting on machine tools, roof ventilating fans, or any close-quarter installation 
where space is a critical design factor. 


What’s more, this is achieved without sacrificing a single desirable 
characteristic: the stator still contains the same iron and copper as standard 
Louis Allis motors... standard NEMA service factor is maintained . . . 

high insulative values are retained by using proved Louis Allis varnishes and 
new insulating techniques . . . over-sized pre-lubricated bearings are used to 
guarantee long bearing life... and the entire motor is enclosed in an 
industrial-type cast-iron housing designed to shrug off abuse! 

The housing and flange are cast in one piece: this permits extra-accurate internal 
machining which extends bearing life and reduces noise levels to a new low. 
Investigate the Pancake Motor through your local Louis Allis District office. 
Sized from 1 to 15 hp, at 1800, 1200, and 900 rpm, in open drip-proof and 
enclosed non-ventilated or fan-cooled enclosures. Write for Bulletins 2100 and 
2150 to the Louis Allis Co., 428 E. Stewart St., Milwaukee 1, Wisconsin 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


ttn LOUIS ALLIS 








“ A dependable source .. 






for Porcelain, Steatite, 
Refractory and Filter parts 


... that’s the Wisconsin 
Porcelain Co.” 4 


——__ 
cl 


Over 32 years of uninterrupted REFRACTORY — Especially suited to 


plant operation has established our applications where great temper- 
reputation for dependable service and ature variation is a factor. 
‘kept’ delivery promises 
P! p FULTER — Designed to accurately 
When you need ceramic parts of filter and control flow of liquids. 
great accuracy and toughness 
turn to Wisconsin Porcelain Co. TELL US YOUR REQUIREMENTS — Our 
The line includes: ceramic engineers will work with 
you in selecting or designing the 
PORCELAIN — Pieces are of consistent part best suited to your applica- 
high quality — furnished with tion 


very white finish, or glazed in 


various colors. Serving the Electrical and Electroni¢ 


STEATITE — Meets your needs where Industries since 1919 
low electrical loss, ability to 
withstand electrical shock or low WISCONSIN PORCELAIN CO. 
water absorption are require- 122 Lincoln St. 


ments. Sun Prairie, Wisconsin 
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FOR PUBLIC 


AW eae ee 
and kindred fields, 


0} arias 
PLUGS « SOCKETS 


of proven quality! 









P-406-CCT 







Double Contact Area 


Phosphor bronze knife-switch socket contacts engage both 
sides of flat plug contacts 

Socket contacts phosphor bronze, cadmium plated. Plug 
contacts hard brass, cadmium plated. Insulation molded 
bakelite. Plugs and sockets polarized. Steel caps with baked 
crackle enamel. 2, 4, 6, 8, 10, 12 contacts. Cap or panel 
mounting. 

Information on complete line, in Jones Catalog 21: 
Electrical Connecting Devices, Plugs, Sockets, Terminal 
Strips. Write 





$-406-AB 


HOWARD B. JONES DIVISION 


CINCH MANUFACTURING CORPORATION 


-HICAGO 24, ILLINOIS 
SUBSIDIARY OF UNITED-CARR FASTENER CORP 
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entation of marking and leads; it may 
be used as an adhesive mounting for 
unusual vibration, shock and power re- 
quirements, doing away with mounting 


| brackets with their associated weight 


and space needs; marking area is ex- 
tended to three sides and readily seen. 
Type CMF Style RN70B 1% watt 
Fixtohm is available in a _ resistance 
range of 10 ohms to 2.5 megohms, +1 
per cent tolerance. Power rated at 14 
watt at 70 C. derated to zero power 
at 150 C. Insulation resistance is great- 
er than the allowable 100 megohms 
minimum; in the order ef 100,000 meg- 
ohms. Moisture resistance is less than 
allowable of 3 per cent, in the order of 
| per cent. Temperature coefficient of 
maximum 500 ppm or 0.05 per cent per 
ohm per degree C. Clarostat Mfg. Co., 
Washington St., Dover, N. H 
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ULTRASONIC TRANSDUCER 


The M-203B transducer is a rugged, 
high-power ultrasonic generator in- 
corporating the mest recent develop- 
ments in magnetostriction transducer 
design. The transducer is virtually in- 
destructible and can operate contin- 
uously with 400 watts of electrical 
input power. Conversion efficiency is 
10 per cent. A sound pressure of one 
million dynes/cm2 results in the vicin- 
ity of the transducer when radiating 





into open water with 100 electrical 
watts input to the structure. Cavitation 
is evident at this power level through- 
out a region of about 80 degrees total 
angle. 

[he polished stainless steel dia- 
phragm has a radiating face 2%4 in. 
diam. Six meunting holes spaced 
around the periphery of the mounting 
flange permit convenient attachment to 
walls of tanks in any configuration 
desired. The flexibility of mounting 
permits simple changes to be made in 
transducer location at the final stages 
of installation to secure optimum dis- 
tribution of the sound field under 
actual field operating conditions. 

Specifications are: operating fre- 


ELECTRICAL MANUrACTURING 














Compliments 


of a friend... 


send for it! 


This illustrated book covers every type of 
Roebling Magnet Wire—how it’s made, tested, 
packaged. Complete tables of sizes, weights, shipping 
information—plus interesting temperature, specification 
and test data. You shouldn’t be without these facts if 
magnet wire of any description fits into your manu- 
facturing picture! 

Your free copy is waiting for you. Just write—today— 
to Electrical Wire Division, John A. Roebling’s Sons 
Corporation, Trenton 2, New Jersey. 


Y ut conee | 
“Cores 


aN 
Milih 


N 
Ud 







Electrical Wire Division 
John A. Roebling’s Sons Corp. 
Trenton 2, New Jersey 


Please send my free copy of Roebling’s new 
Magnet Wire Fact Book. 


Nome 


Company 





Street 
City 


State 


ROEBUING é 


Branch Offices in Principal Cities i 


Subsidiary of The Colorado Fuel and fron Corporation 








| I PCCINCALIONS alt. Vp atin anu" 
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quency—26 ke; impedance—150 
J100 ohms: overall dimensions—4°4 
in. diam x 47% in. long (6 ft water- 
proof cable attached); water-cooled, 
5 gal/hr for 30 F rise at 400 watts 
continuous input power; weight—6 |b. 
Massa Laboratories, Inc.. 5  Fottler 
Road, Hingham, Mass. 


INERTIAL GUIDANCE | 
SYSTEMS IN 
PRODUCTION 
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500 AMP SINGLE CRYSTAL 
GERMANIUM JUNCTION 


Available for applications in the ele 
trochemical and other industries re- 
quiring heavy current at voltages from 
26 to 66 volts is this 500 amp single 
crystal germanium power junction. 
rte tet TT —, — \ large active area results in a low 
Lightweight and compact, Kearfott z a. current density in the crystal, despite 
etme iu) SoM eM bie mele : ; , I i‘ the high 
choracterized by rapid warm-up 
wn om psingar puna ra ronan , of over-temperature and overload. All- 
Clee AMM ST Ml) lisboa) * , pF RE oil Rceeiieieay sodink ii. 


current rating. This rating 
provides an added capacity in all cases 


junction is alloyed during the hermetic 





bee) aes er el 
For analog or digital data process- 
ing. Available with fully transistor- 
ized amplifier modules 





sealing without the use of active 
chemicals. This procedure reduces the 
possibility of contamination during 
processing; thus, long-term reliability 
can be expected. 

Application of advanced cerami 
techniques to semiconductor devices of 
this type has produced a junction free 
ef internal stresses, with a superior 
ability to withstand acute’ thermal 
shock associated with excessive surge 
loads. International Rectifier Corp., 
1521 E. Grand Ave., El Segundo, Calif. 


PANEL , ‘ Circle No. 538, Reader Inquiry Service Cards 
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Oy leh Meo: Mas Uicel Mtl) Melman tile] . “ y on Fee 

reference or ground support equip- 

Lae 


oh — systems feature z KEARFOTT COMPANY, INC. MINIATURE CLUTCH HAS 
a aps ngage LITTLE FALLS, N. J FAST RESPONSE 


elu TOMES tu Mele Maou be lero Sales and Engineering Offices: 1378 Main Avenve, Miniature electro-magnetic clutch known 
TM ML bt Me allie cor) Clifton, N. J. Midwest Office: 23 W. Calendar Ave., . , 
and all attitude platforms with 0.25 La Grange, Illinois. South Central Office: 6211 Denton as the model CF, and available in 


“ Drive, Dallas, Texas. West Coast Office: 253 N. Vinedo ae se ee 
“3 hour moximum drift rates. Avenue, Posodena, California four sizes, offers advantages of fast 
response, zero backlash, high efficiency 
PRECISION ™ per unit weight, and vibration resistance 


° per MIL-E-5272A. The clutch, which is 
: normally engaged and is energized to 
iz) free, is designed for d-c operation but 
m 
Z 
4 
N 





will perform efficiently on full-wave re 
tified a-c without filtering. 


GENERAL 


CORPORATIO ve ° : 
Sizes with torque ratings are as fol- 


lows: CF-4, 0.500 diam servo mounting 
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TEMPERATURE LIFE: 
1250 HOURS AT 125°C 





IRVINGTON 
MAKES CONVENTIONAL INSULATIONS OBSOLETE! 


Now...a remarkable new insulating tape that out- 
performs them all! Consider these significant 
improvements: Under conditions of high heat, FIBREMAT has proven effective for longer periods of time. 
When stretched severely, FIBREMAT retains high dielectric strength. Tests record its dielectric at 1150 
vpm at 12% elongation! And a tougher resin coating has improved its tensile and tear strength. Use it 
once and you’ll always specify FIBREMAT, the insulating tape with the unique non-woven base. Available 
in widths to 36” in sheet and tape form for motor, generator, transformer and cable insulation. Write 
today for samples and full data. 










Fai» Insulating materials 
} > 


ee of every kind 


All classes of tubing 


Varnishes for 
every purpose 
*Trade Mark 


RVI NW G iy Oo Wl DIVISION | (aM 3 MINNESOTA MINING and ee 


9 ARGYLE TERRACE, IRVINGTON 11, N. J. 


ee 
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ae e a-c small motors 






aR 





LOOK AT ALL THE 
FEATURES THIS 
LOW-COST 

MOTOR BRINGS YOU 


Long-life alignable bearings 
Large oil reservoirs 


Auxiliary oil cups available 
to quadruple oil capacity 


High starting torque 


Low noise level 


Variety of mounting 
arrangements 


Stack thicknesses of 9/16" 
and 15/16" 


Shaft diameters of 1/8" 
to 5/32" 


Hardened and ground 
stainless steel shaft 


High dielectric strength 
coils 


Compact construction 
Ratings to 1/200 hp 





NOW 


a low-cost 





precision-made 
Barber-Coiman 
motor for 

fans, blowers, 


for use in appliances, 
vending machines, projection 
equipment, office machines, 
displays, toys, etc. 


New advanced production fa- 
cilities now make it possible for 
Barber-Colman to bring you 
this quality a-c small motor at 
lower cost in production quan- 
tities. Put it into your product 
to be assured that you are using 
a high-quality, precision-made 
motor that will give long, 
trouble-free service! Barber- 
Colman Company can produce 
these for you on fast schedules. 
Phone or wire for complete de- 
tails on this outstanding motor. 





eon 
Shot 

FREE CATALOG HELPS SELECT MOTOR NEEDED ea) —_ 

Get the helpful condensed catalog of Barber-Colman shaded pole smal! motors 

Contains complete descriptions of above motors, shows typical specifications, = 


performance characteristics, control 


circuit diagrams. Write for your copy Er tT 
BARBER-COLMAN COMPANY 


Dept. B, 1203 Rock Street, Rockford, Illinois 


Smal! Motors ° Automatic Controls 


Industrial Instruments ° Aircraft Controls 
Electrical Components ° Air Distribution Products ° Overdoors and Operators 


Molded Products ° Metal Cutting Tools Machine Tools ° Textile Machinery 
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flange with 2 in.-oz min. torque; C 
c; 


I -¢ 
F-§ 


1.000 diam with 16 in.-oz min. torque; 


0.750 diam with 8 in.-oz torque; 


CF-10, 1.250 diam with 32 in.-oz min 
torque. 

fo speed breadboard and prototype 
evaluation, special voltages, mounting 
methods and shaft configurations can be 
provided. Model CF clutch is available 
in either standard or special units 
Autotronics Inc., Rt. 1, Box 812. Floris 
sant, Mo. 
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ADD-SUBTRACT COUNTER 


Add and/or subtract pulses may be fed 
to this unit in any sequence, or simul- 
taneously, without a miscount. SPD1 
switches are actuated when minimum 
or maximum count is reached. 

Add pulses over one circuit advance 
the unit counter-clockwise to a pre- 
selected maximum set on the dial, 
where an integral SPDT load switch 
is actuated. This switch may be con- 
nected to stop a motor, energize a 
valve, ring a bell, etc. It can also be 
used to cut off the add pulse to stop 
further counter-clockwise dial rotation 
until at least one subtract pulse has 
been received. 

Subtract pulses over a second circuit 
return counter dial clockwise towards 
zero where another integral SPD1 
zero switch is actuated. This switch 
may likewise be used to perform ex 
ternal functions as well as to cut off 
the subtract pulse, stopping the dial 
at zero. 

This counter, wired for continuous 


count, will also receive add or subtract 








continuously, 100 pulses per 
revolution. With the maximum 


set at 50 on the dial, an output pulse 


pulses 
switch 
Spe- 


will be sec ured every 50 pulses. 


cial cams are available for 5, 10, 20 
and 25 counts per output pulse. 


The basi 


to automatically control the number of 


function of this counter is 


units in a given area, making it suited 
for application with conveyor systems. 

The counter has 10 amp contacts and 
115 volt or 230 volt, 60 
cycle models. Eagle Signal Corp., 202 
20th St., Moline, II. 


Circle No. 540 
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Reader Inquiry Service Cards 
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TOTALLY -SEALED 
SLIP-RING ASSEMBLY 
This 


made for 


slip-ring assembly, originally 


checking strain read- 


gauge 
ings aboard ships, can be adapted for 
other instrumentation circuits, thermo- 
applications, and power cir- 


The adaptability is due to the 


ouple 


cults, 


large size of the rings and brushes, 
which will withstand power circults. 





Also, silver graphite brushes are com- 


bined with coin silver rings to rende1 


accurate readings. 


The drum type assembly has an un- 


usually large inside diameter of 6%4 


in. Other dimensions are: over-all di- 


ameter—13%x, in over-all length 


10 5/16 in. Superior Carbon Products, 
Inc., 9115 George Ave., Cleveland 5, 
Ohio. 
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MINIATURE RECTANGULAR 
POWER CONNECTORS 


Series 250 miniature power connectors 
were developed for aircraft and elec- 
requir- 


tronic applications 


ing high 


equipment 
dielectric and mechanical 
strength. The series is available in 20, 
34, 50 and 75 contacts, 


polarizing screwlocks. 


with or without 


Contact terminations include conven- 
AWG wire, 
turret, or taper pin for solderless wir- 


tional solder cup for +16 


ing. Aluminum hoods and _ protective 
shells are also available as optional 
accessories. Voltage breakdown at sea 


FEBRUARY 1958 





aa 
a 

















d-e emall motors 


compact, powerful=-up to 1/10 hp 





permanent magnet 


Only Barber-Colman permanent magnet 
motors feature the patented symmetrical, 
progressive lap winding which provides 
true electrical balance, higher efficiency, 
superior commutation. and low radio 
noise output. Motor characteristics range 
from 6 to 115 volts d-c. 5,000 to 20,000 
rpm, outputs up to 1/10 hp. Various 
mountings and shafts available. Ideal for 
many aircraft or indus rial equipment 
applications. 


split-series 


3arber-Colman split-series motors are 
available in two frame sizes with 
continuous duty outputs up to nine 
millihorsepower. Outstanding efficiency 
due to excellent magnetic design and 
symmetrical lap-type armature winding 
Electromechanical brakes can be 
supplied for these motors 





gearhead 


Barber-Colman gearhead motors can be 
used as small actuators to drive 

switches, programing devices, camera 
mechanisms, autopilots, and for remote 
positioning in industrial automation 
Standard EYLM motor with gearhead, 
illustrated, provides up to 10 Ib-in. torque 
output. Gear ratios from 9.5 to 55,446/1 











with blowers, filters 


Barber-Colman d-c motor-blower units 
quickly dissipate heat from hot tubes, 
circuit components, and other confined 
equipment. Air volume for a typical 
114-in. centrifugal unit is 20 cfm at 0 
static pressure and 70°F. Voltages range 
from 6 to 115 volts d-c. 

Barber-Colman permanent magnet motors 
also available with lightweight, compact, 
integrally mounted radio noise filters. 





TECHNICAL BULLETINS ON COMPLETE LINE 





* 


OF BARBER-COLMAN ELECTRICAL COMPONENTS 


Detailed specifications, performance 
ings on polarized relays, resonant re 


choppers 


data, product and circuit draw- 


ays, d-c motors, tach generators 


oys 


Write for your copy on any or all products 


BARBER-COLMAN COMPANY 


Dept. B, 1803 Rock Street, Rockford, Illinois 


Small Motors °* Automatic Controls 
Electrical Components ° 


Molded Products °* 
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Air Distribution Products ° 
Metal Cutting Tools °¢ 


* Industrial Instruments ° Aircraft Controls 
Overdoors and Operators 
Machine Tool 


* Texiiie Machinery 
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WEVGO 


STRAIN RELIEF 


BUSHINGS 


insulate & Anchor 
power supply cords 





a 


standard 
& special 
wires & 
cables— 











7 it 


Protect the life line of 
your electrical products 


Tell us your wire sizes— we'll send 
you Nylon HEYCO samples. 
HEYMAN 


MANUFACTURING COMPANY 
KENILWORTH 1, NEW JERSEY 





- 
~ 
- 
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level, 2500 volts d-c. Current rating, 10 
amp continuous. These connectors meet 
MIL-C-8384 specifications. 

Standard molding compounds include 
mineral-filled melamine and Plaskon re- 
inforced (glass) alkyd. Other materials 
fabricated on special order. 
Electronic Sales Division. DeJur-Amsco 
Corp., 45-01 Northern Blvd.. Long Is- 
land City 1, N. Y. 
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IRON-CHROMIUM-ALUMINUM 
ALLOY FOR HIGH 
TEMPERATURES 


Known as Alloy 835, the stabilized 
material offers improved ductility and 
relatively low growth characteristics 
on applications where continuous op- 
erating temperatures do not exceed 
2250 F. The 


specifically for use as a 


alloy was developed 
heating ele- 
ment in such items as electric furnaces 
and kilns. oil burner igniter coils, and 
certain appliances and 
trial heating devices. 


small indus- 

The alloy’s improved physical prop- 
erties include high electrical resistivity 
(835 ohms per circular mil foot at 
68 F). 
erating temperatures, and good resist- 


unusually long life at high op- 


ance to oxidation. 
While resistant to 
sulphur corrosion, it is not 


Alloy 835. is 
recom- 
reducing atmos- 
pheres other than dry hydrogen. Also, 
835 has lower hot strength than the 
nickel-chromium resistance alloys, and 


mended for use in 


must be properly supported in certain 
applications. Hoskins Mfg. Co., 4445 
Lawton Ave., Detroit 8, Mich. 
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SUBMINIATURE MAGNETIC 
SHIELDING CAPSULES 
Line of Co-Netic 


netic shielding capsules is designed for 


subminiature mag- 


subminiature reactors and _ transform- 
ers used in transistorized and printed 
circuits. Virtually eliminated are hum 
and noise caused by low-level extrane- 
ous electromagnetic and_ electrostatic 
fields. 

Much closer grouping of components 
is now possible due to shielding effec- 
tiveness. When required, shields can be 
pre-tinned for 


soldering without af- 


FLECTRICAL 


CHROMALOX 


electric cartridge 
heaters 





POSITIVE LEAD 


WIRE PROTECTION 
FOR STANDARD AND 
HI-WATTAGE MODELS 


New special features help Chroma- 
lox electric Cartridge Heaters pro- 
vide longer life and more dependable 
spot heat. Use where abrasion or 
steam, oils or moisture limit heater 
life. 

New high strength spring guard 
protects against stress and vibration. 
Moisture-resistant flexible brass 
conduit provides rugged, vapor- 
tight, drip-proof cover for lead wires. 


Get the full story today. 
Write for Cartridge 
Heater Bulletin 850. 





Edwin L. Wiegand Company 


7530 Thomas Boulevard « Pittsburgh 8, Pa. 
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* 
See how RADIO RECEPTOR 
the facts speak 2 ‘ 
for themselves t ( 6 Petti-Sel 
> SELENIUM RECTIFIERS 
| are revolutionizing the field! 


* high current density 






B 100,000 hours estimated life b> Lower voltage drop 
B& Higher current density Bm Less reverse leakage 
Bm Smaller size 


but notice the significant space saving in the 
compact Petti-Sel unit. 






Standard 
rectifier 





RReo. Petti-Se! 
rectifier 





compare the size... 


compare the specs... 


STANDARD SELENIUM RECTIFIERS RRco. PETTI-SEL SELENIUM RECTIFIERS 
NOMINAL Continuous DC Amperes at 35° C Ambient NOMINAL Continuous DC Amperes at 35° C Ambient 
CELL SIZE IRRco. FE PHASE CELL SIZE Ippo. 
WNCHES SINGLE PHASE uncneS) Jerr] SINGLE PHASE | THREE PHASE 



























a 


coco OO mm SNM ee 


tn case you haven't noticed, the yellow and gray areas denote actua! comparative sizes of the two rectifier types 
. 


and compare the prices! HCD Petti-Sel rectifiers, developed 
in Western Germany by Siemens and now made in the U.S. by Radio Receptor, offer many 


important electrical advantages over standard types plus economic advantages. 


See for yourself — We'll be glad to send you further information on this 
remarkable new rectifier line. Submit your requirements to Section EM-2 


Semiconductor Division 


illic RADIO RECEPTOR COMPANY, INC. 
Elect ; P a sain Subsidiary of General Instrument Corporation 
ectronic rroaucts 
Since 1922 240 WYTHE AVENUE, BROOKLYN 11, N.Y. © EVergreen 8-6000 
Radio Receptor products for Industry and Government 
Germanium and Silicon Diodes, Selenium Rectifiers, Thermatron Dielectric 
Heating Generators and Presses, Communications, Radar and Navigation Equipment 
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DO YOU NEED Automation 


FOR FINISHING WIRE LEADS 
WITH TERMINALS ATTACHED? 


Pa ih A 


SOME EXAMPLES OF TERMINALS 


new ARTOS 
TA-20-S 


Performs 
4 Operations 
Automatically! 


Artos TA-20-S 
with guard raised 


. Measures and cuts solid or stranded wire 2” to 250” in length. 
. Strips one or both ends of wire from 1/9” to 1”’. 


. Attaches any prefabricated terminal in strip form to one end of wire. 


(Artos Model CS-9 attaches terminals to BOTH ENDS OF WIRE 


simultaneously.) 


. Marks finished wire leads with code numbers and letters. (Available 
as optional attachment.) 


PRODUCTION SPEEDS up to 3,000 finished pieces per hour. 
Can be operated by unskilled labor. Easily set up and adjusted 
to different lengths of wire and stripping—die units for different 
types of terminals simply and quickly changed. 


ENGINEERING CONSULTATION. .. recommendations without ob- 
ligation. Special adaptations made to fit requirements of your 
product. Machines for all types of wire lead finishing. 


VISIT US AT THE 


LR.E. SHOW WRITE for FREE Bulletin No. 655 on Artos TA-20-S 


BOOTH No. 4228 World Leaders in 


ARTOS mt ee 


2741 South 28th Street Milwaukee 46, Wisconsin 
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fecting magnetic shielding qualities. 
Shielding capsules can be produced in 
a wide variety of shapes and dimen- 
sions using standard methods or spe 
cial hydroform techniques. Magneti 
Shield Div., Perfection Mica Co., 1322 
No. Elston Ave., Chicago 22, Il. 
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SUBMINIATURE SWITCH 
ASSEMBLY 


Unit designed for telemetering, chop- 
ping, programming, and commutation 
is packaged in a standard Size 10 
BuOrd synchro housing of 0.937 in. 
OD. It is available as standard in 1 to 
6 circuits. Length is 1.319 in. for 6 
circuits and decreases with number of 
circuits. Larger number of circuits are 
available for special applications. 

With rotor molded in Kel-F at 0.235 
in. diam, unit has been successfully 
tested at speeds from 0 to 5000 rpm. 
Construction achieves negligible noise 
levels and necessary driving torque as 
low as 0.2 in.-oz, due to brush system 
made with contacts of all types of 
graphite compounds. 

High accuracy of registration of 
program bits is attained at the small 
rotor diameter through the use of a 
simple indexing system. Sample shown 
in the photograph is symmetrical 5- 
pole, 2-cycle rotor which, at 5000 rpm 
yields a discrete switching time (duty 
cycle from 0.005 to 0.5) at the rate 
of 166 cps. 

Unit has passed testing in accord- 
ance with Specification MIL-E-5272 
including high temperature (125 C), 
low temperature (—65 C), humidity, 
altitude, shock (50-G with no contact 


bounce), and fungus resistance. Use of 


Peres da 


LECTRO-~MINIAT 


ELECTRICAL MANUFACTURING 





ceOyRS 


You get 5 big pluses 


when you specify 


Assurance of good dielectric could be reason 
enough for choosing Electrical Porcelain. Yet apart 
from its dielectric strength this versatile material 
has properties that make it the ideal insulator for many 
critical applications. If, for example, the need is 
@ HEAT RESISTANCE... Electrical Porcelain compounded 


from inorganic materials has a softening temperature 
between 2500 F. and 2700 F. 


@ FLASHOVER RESISTANCE... Arcs over porcelain do not leave 


carbon tracks; the material withstands repeated flashover 


@ DIMENSIONAL STABILITY... Electrical Porcelain 


maintains its dimensions under operating conditions; 
it is not subject to cold flow. 


@ CHEMICAL INERTNESS ... Electrical Porcelain will not 


corrode, char or burn; it resists all common acids and 
corrosive vapors. 


@ COMPRESSIVE STRENGTH... Tests show a compressive 
strength for Electrical Porcelain of from 

30,000 to 50,000 psi. 

Any of the companies listed below will be pleased 
to advise on your insulator requirements. 


Sponsored by these members of the 


SMD UO hee AAs tte Ue tt) at my abe a) 
NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION 


THE AKRON PORCELAIN CO. 3000 corry AvE., AKRO c 

THE CERAMIC SPECIALTIES CO. 444 west sixTH STREET, EAST LIVERPOOL. OHIO 
KNOX PORCELAIN CORP. xnoxvitte 1, TENN 

NEW JERSEY PORCELAIN CO. new york AVE. AND PLUM ST., TRENTON 5S. N. J 
PORCELAIN PRODUCTS, INC. 225 No. PATTERSON ST., CAREY, OHIO 


THE UNIVERSAL CLAY PRODUCTS CO. 1tso01 E£. First STREET, SANDUSKY, OH 


° 
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Kel-F dielectric permits continuous 
operation as high as 350 F. Electro- 


Miniatures Corp., 1060 Elm Ave., 
Ridgefield, N. J. 
@ ae ® Circle No. 545, Reader Inquiry Service Cards 


on page 17 


er ound | FUSED MERCURY PLUNGER 
RELAYS 


The EMF-1 relay is approved for loads 


up to 35 amp at 115 volis a-c. Also 


available are fused models of two and 
an er G ar three-pole construction, and for loads 
& up to 60 amp at 115 volts a-c. In these 


instances, the relays and fuses are 
bakelite panel-mounted. 


Merkle-Korff Geared Motors 


From 
-4 to 300 
inch-pounds 
at 


\" ta wae 3 4 a, 
800 to 2 RPM \\ “~ Bee) 


Many other speeds 


5 AMPERES AT 118 vis 


eli. a 


Tetra, 


and toraves above 
and below this range 


are available. 


In geared motors it’s torque that counts! Highest Compact, rugged and reliable, these 
torque output at lowest cost to you is achieved fused relays offer millions of silent, 
by Merkle-Korff’s combination of two operating service-free operations. Operation is 
principles: unaffected by dusty, dirty, moist and 
1. Maximum gear reducer efficiency, the result of corrosive atmospheres. By employing 
45 years’ design experience. Precision hobbed gear- fused relays, the additional feature of 
ing, heat treated. No molded or stamped gearing. positive protection against overload is 
Sealed-in-oil housings. achieved. 


. ‘ ih The relays are suitable for use in 
2. Maximum horsepower output with minimum 


weight motors, uniquely engineered to produce start- 

ing torques equal to or in excess of full load torque. 
Application engineering is Cost Reduction Engi- 

neering at Merkle-Korff. From our many basic models Queens Village, N. Y. 

and thousands of variations let us engineer an Wei iia ‘iat: hadi, liiaiais Niiuataas Uigile 

improved geared motor drive for you. on page 17 


motor control, lighting control, heater 
power, radio and TV power, and re- 
frigeration equipment. Ebert Electron- 
ics Corp., 212-31B Jamaica Ave., 


Write for complete information _ MOTOR ALTERNATOR 


High precision motor alternator in a 


° ° ae ° single compact package incorporates a 
Representatives in principal cities a 
P P P conventional hysteresis-type synchro- 


nous motor driving a pair of permanent 
magnet alternators through appropri- 
a ate gearing. The unit develops two 
output frequencies whose relationship 
to line frequency is determined by 
GEAR COMPANY proper selection of gearing. 
Model MA-3 offers a wide variety of 
211 NORTH MORGAN STREET * CHICAGO 7, ILLINOIS © MOnroe 6-1900 | Possible combinations, developing bork 


90 and 150 cycle outputs from a 400 
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Announcing 


Medium Power 


SILICON 


4#V05 


4 ‘Trangitron 


TRANSISTORS 


Mazimum 
Collector 
Voltage 
Vc Mon 
(volts) 


FAST 


60 


Maximum 
Collector 
Saturction 
Gain at Voltage at Specified 
Specified Voltage 
Current Current 25°C 
8 Vcs (volts co (va) 


SWITCHING 500 moa TYPES 


5 min U6 
> 6 


Featuring: 


Low R.,, 6 Ohms Typical 


6 usec. max c= 500ma Operation to 500 ma 
500 ma TYPES 
20-80 3162 


Power Ratings to 5 watts @ 100°C 


oe ~ a 00 @ 100 Fast Switching Time 
pee 3 @ 0 Voltage Ratings to 100V 
50 ma TYPES 


20-80 2(400) 5@ 0 JETEC 30 Package 


Transitron’s medium power NPN silicon transistors are designed for switching 
and amplifying applications requiring low collector saturation resistance (R..,) 
combined with high current handling ability. These applications include 
output stages, servo-motor control, core switching, solenoid operation, 

DC to DC converters, and medium power oscillators, 


Manufactured by diffusion, these units have closely controlled electrical 


characteristics plus a high degree of mechanical ruggedness. They can be used 
with confidence in the most exacting military applications. 


Send for Bulletin TE-1353 


‘Trangitron 


electronic corporation 


wakefield, massachusetts 


— fF -_ +>. EI 


Transistors Diodes Regulators Rectifiers 
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Send for this 


FREE SAMPLE 


cycle input. The outputs are matched to 
within 40 of 1 per cent over the temper- 
ature range ot 55C to +-65C, and this 
temperature range may be extended to 
suit specific applications. 

Wave form distortion is less than 2 
per cent. Separate outputs can be syn 
chronized so that the waves have a 
definite phase relationship to 2 de 
grees of one another. Output voltages 
and frequencies are modified to suit 
the specific application requirements. 
Eastern Air Devices, Inc., 385 Central 
Ave., Dover, N. H. 


Circle No. 547, Reader Inquiry Service Cards 
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Contains 25 different 


test samples of high - dielectric ANTI-REPEAT PRESS CONTROL 


INSULATING TUBING and SLEEVING _ bs is «0 antirepeat press. contro 


with no moving parts. designed for use 
with the manufacturer’s Type “PV” 


Includes samples and descriptions of .. . protector air valve. Instead of relays, 


the device utilizes magnetic amplifiers, 


VARGLAS SILICONE— Class H tubing, sleeving, lead wire, tying cord. diodes, a transistor, and a pulse trans 


7 : ve OR e . former. It has no moving parts to in- 
Withstands temperature from —85°F to 500°F. ree BF 
spect and maintain, and is not subject 


PERMAFIL-IMPREGNATED VARGLAS TUBING—Fiberglas impregnated with 
General Electric Permafil. 


VARGLAS SLEEVING AND TUBING—synthetic-treated, varnished, lac- 


quered, saturated and others. 


VARGLAS NON-FRAY SLEEVING—three types available. Withstands tem- 
temperatures up to 1200°F. 


VARFLO TUBING AND SLEEVING—full range of colors, sizes and grades. 
Vinyl coated Fiberglas. 


VARFLEX COTTON TUBING AND SLEEVING—varnish or lacquer impreg- 
nated—all NEMA grades. 


to wear, corrosion, and dust interfer- 


SYNTHOLVAR EXTRUDED TUBING—listed by UL for use at 105°C. Various 


formulations to meet unusual requirements. 


ence, 
The “Transmag” control has external 
connections essentially like those of 


MAIL COUPON TODAY ee pager ae apa = 
FOR SAMPLE FOLDER sd Gadeaiak tas 1A As eo oe 


receives input signals from the press 
“run,” “stop,” and “inch” buttons and 


a CORPORATION SSeS Se eee eee eee ee ee ee ee oe the press limit switches. and delivers 
Makers of 


Flectrical inudoting VARFLEX CORPORATION its output to the magnet of the Type 


Tubing ond Sleey: / 66 ° 
\ = 504 W. Court St., Rome, N. Y. PV” air valve. 
Basically, a safety device interposed 


ene 


Please send me free folder containing samples of your electrical tubing and sleeving between the operator's control buttons 
and the press, the “Transmag” anti- 
rr nee ae ee repeat control prevents operation of the 
Nome press unless safe conditions exist. Prin- 
Company cipal safety provisions are: all “run” 

buttons must be depressed before a 
wunee press stroke can begin and must be 


City Zone held down until the press downstroke 
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How 
to cut 
winding » 
costs < 


EN 
i 


New versatile Leesona” Cross Winder increases production and 
lowers costs through reduced handling and winding time 


Now — with the high output No. operator can remove taps. In many or laboratory requirements. 
111 Winder, you can produce cross cases, this allows the operator to hanging coil “specs” has been 
wound coils of extreme accuracy handle more than one machine. peeded up too. On the Leesona No. 


i 


singly or in multiple. For multiple winding, the No. 11] gears are located 


on fixed centers 
Quality coils are assured by a pre- can be equipped with an arbor trans- o they have to mesh 7 lv. The 


7 j property. 
cision traverse system that cuts re- fer attachment that permits your op- -rator merely drops the change 


ects to an absolute minimum. erator to make group transfers no real nto position no tools are 


Also. fine wire can be wound at individual anchoring of wire turns needed. No other cross winder offers 


igh speeds without the danger of required here. this time-saving con 
reakage by abrupt starts. An elec- An optional pie-winding attachment 


venience, 


by t Other features are: 
ronic drive starts the arbor slowly automatically indexes coils from 3% Dial « “ol 


act elerates to full pre- to 14” between coil centers. 
set speed . .. and maintains a con- 


led variable-speed trans- 

2 > gears covers 
The versatility of the —_ < all ex -overs per n from 10 t 

stant rate of speed for uniform wire Cross Winder demonstrate 1 

tension and coil density from then on. 

All the operator has to do is press the 

start button. 


doesn’t tell the whole story of tandard winding speeds to 

many uses. Equipped with a progres- rpm up to 5000 rpm with 

sive coil attachment, it can pull 

Reduces Handling Time for high speed winding of variable raverse speeds to 4000 cross-over 
Exclusive, optional programming and constant pitch progressive coils. ) 

attachment automatically stops the It can also be used for single laver end for more details 

No. 111 Cross Winder so that your winding, bobbin winding, and is ideal 1] ro inder Bul 


an 


UNIVERSAL WINDING COMPANY 


P. O. BOX 1605, PROVIDENCE 1, R. I., DEPT. 132 
9 So. Clinton St., Chicago 64, Ill. . 1500 Walnut St., Philadelphia 2, Pa. 
Sales Representatives: 
E. G. Paules, Los Angeles, Calif. 
W. J. Westaway Co., Ltd., Montreal, Que.; Hamilton, Ont., In Canada 


Offices in Manchester, England; Paris, France and Frankfurt, Germany 


FOR WINDING COILS IN QUANTITY 
. ACCURATELY .. . AUTOMATICALLY 
USE LEESONA WINDING MACHINES 
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930 PITNER AVENUE 


SPECIALISTS IN SILICON SEMICONDUCTORS 


208 


Counts Py * 


SR 


Applications 


® Punched Tape and Card Readouts 
® Infrared Sensor Devices 


Lifetime: over 


® Machine Tool Programming Controls 


* Automatic Counting Devices 

* “Pinhole"’ Detectors 

* Remote Switching Controls 

® Conveyor Line Control 

* “‘Hot-metal"’ Detector 

*® “Loop” Control 

* Smoke and Flame Detector Devices 
* Photo-electric Contro! Applications 


years nS 


Hoffman 


Silicon Photo-voltaic Cells 


Response time is less than 20 microseconds allowing for instantaneous 
control. Replacement problem virtually eliminated due to permanent 
life-time diffused p-n junction.* 

Compact size results in a greater number of control circuits for a given 
area, at less cost. These self-generating (Photo-Voltaic) ‘‘cells’’ elimi 
nate the need for external power supplies and provide maximum reli- 
ability and efficiency under severe temperature variations (from —-65°C 
to +175°C and higher). 


Our extensive laboratories and design facilities are available to aid you 
in the solution of your control problems. Write us for further information 


*(Per R.C.A. Laboratories, Princeton 
New Jersey Report No. 212-PH-55-91 
(1114), April 15, 1957) 


Hoffman Electronics 7 


we, eee UR es 


“ 


SEMICONDUCTOR DIVISION 
EVANSTON, ILLINOIS 


Circle 203 on page 17 


UNiversity 9-9850 


is nearly completed; “run” buttons 
must be released and depressed again 
before a new stroke can begin; if “run” 
buttons are taped or jammed down the 
press will stop at the end of its cycle. 
“Run” and “stop” buttons are directly 
in the power circuit, on both sides of 
the line. Clark Controller Co., 1146 E. 
152nd St., Cleveland, Ohio. 


Circle No. 548, Reader Inquiry Service Cards 
on page 17 


PILLOW BLOCKS FOR SHAFT 
SIZES 1-3/16 IN. AND 
1-1/4 IN. 


Series 240 steel housing pillow blocks 
are designed for shaft sizes 1-46 in. and 
1-14 in. The pillow blocks have graphite 
cast-bronze bushings; advantages in- 
clude automatic controlled double lu- 
brication, 
under all conditions, quiet, mainte- 


automatic self-alignment 


nance-free operation for long periods 


and mounting in any required position 

horizontal, vertical or inverted. 

The blocks are 3-34 in. high including 
oiler, 5-6 in. long wih a base that is 
154g in. wide. Distant between centers of 
mounting holes is 3-4 in. The bearing 
center is l-?, in. above the mounting 
surface. To meet the larger shaft 
diameters and the correspondingly 
greater loads involved, the bearing 
length is 2 in. To retard foreign noise 
and induced vibration, designed rubber 
Randall 
Graphite Bearings, Inc., Box 839, 
Lima, Ohio. 


Circle No. 549, Reader Inquiry Service Cards 
on page 17 


mountings are available. 


ELECTRICAL INSULATING 
COMPOUND CUSHIONS 
IRREGULAR SHAPES 


Volseal electrical sealing compound in 
tape form is an easy-to-handle, high 
dielectric insulation material used 
primarily to seal and build-up cable 
splices. Volseal conforms to irregular 
shapes, acts as a good padding-insula- 
tor to round out sharp corners around 
terminals, connections, bus bars and 
motor lead junctions. 

Packaged in individual metal con- 
tainers, each Volseal roll is 17% in. 
wide, 5 ft long and 4% in. thick. This 
ribbon form putty-like substance needs 
only to be wrapped and shaped into 
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place to fill and seal every hollow or 
contour. Once applied, it forms a 
smooth working surface that’s ready to 


be overwrapped by Plastic electrical an 
tape. eo} Micro-Miniature 


Volseal has an average dielectric 


strength of 445 vpm of thickness and 
is capable of continuous performance 
at 160 F. Permanently plastic, it will : j 


not dry out, become brittle or exces- Silicon Junction ; 
sively hard. It resists acids and alka- 


lies, including brine solutions, soaps ’ , ij 
and detergents. Johns-Manville Dutch ie 
grand Div. 7800 So. Woodlawn Ave.., - 


thicago 19, Ill. with GOLD ALLOY 
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SELF-ANCHORING 
MULTIPLE CONNECTOR 
AMP-lok is a multiple connector de- 


signed for through-panel applications 
that can be used as a safe, free-hanging 


The GOLD CONTACT 


multiple connector 

Features are: self-anchoring and 
eliminates the need for supplementary 
nounting devices in through-panel ap- 


plications; the contacts with the mount- assures 


long 
life 


TYPICAL CHARACTERISTICS 
LOW VOLTAGE MICRO-MINIATURE ZENER DIODES 


Zener Voltage Range 
Volts @ Iz 5 mA de 
Zener Impedance 
Avg. “@iz 10 mA de 
Mox. @iz 10 mA de 
and disconnect units are identical, 
self-cleaning. and recessed for safety: 
olarized to e lin ninate circuit err 

it is designed to accommodate a wide a re) , ; 
spread of panel thickness; one mount- Hoffman Micro-Miniature ZENER Silicon Junction Diodes are made with 
ing hole in panel is required; it per- GOLD ALLOY Ohmic Contacts in order to withstand higher operating 
alle temperatures. This line of Hoffman Zener Diodes was developed for 
Clipping, Limiting and Regulating and similar applications where physi- 
cal mounting space is at a minimum. 


s finger-grip engagement and dis- 
engagement of mountable and discon- 


t units. A\ 4 c. 52 9 Kise ho » ease ’ ° \ 
Blvd "Hl - — p 39 Eisenhower Rated at 250 milliwatts at 25°C (ambient temperature) and derated 
iIvd.. Harrisburg 20, Pa. 


at one (1) milliwatt per degree centigrade above 25°C. 
atl oe ee Se Operating and storage temperature range: 65°C to + 200°C. 
Special selections from Types GZ1 thru GZ6 are available with a 
tolerance of +5%. 
ELECTRICAL INSULATION Units with ZENER voltages from 8 volts thru 51 volts are available 
TUBING FEATURES at tolerances of +10% and +5%. From 56 volts thru 100 volts at 


+10% tolerance. 
HEAT-RESISTANT SILICONE Write for Hoffman Technical Inforrnation Bulletin No. 27-58 for de- 
Heat-resistant silicone is one of the fea- tailed data on this new line of Micro-Miniature Zener Diodes. 
tures of Ben-Har silicone varnish elec- 
trical insulation tubing. Made from 
braided, filament glass fibers. with an 


anti-fray treatment, the tubing is is Hoffman tlectronics (a 
pregnated and coated with unmodified Y 


silicone varnish. 


It offers unusual flexibility and can iene DIVISION 
pe Remt fo: twioe Me cimmeter without 930 PITNER AVENUE EVANSTON, ILLINOIS UNiversity 9-9850 
cracking the coating. The tubing meets 


the revised MIL-I-3190B specifications SPECIALISTS IN SILICON SEMICONDUCTORS 
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another 
wonderful 


for designers 


A DOUBLE 


GRC’s UNIQUE AUTOMATIC 
METHODS INSERT THREADED |). 23: 
PIECES, WIRES, even CONTINUOUS | 
ELEMENTS, RIGHT INTHE ‘(> 
MOLDING OR CASTING CYCLE | 


Fast . . . economical, GRC’s exclusive automatic 
machines insert elements in zinc alloy die castings... . 
in thermoplastic moldings, assure uniformity, eliminate 
assembly . . . make possible entirely new designs. . . 
cut labor and costs. 


Write for bulletins, send prints for quotation. 


No size is too small! Maximums: Zinc Alloy 11/2”, ‘2 02. 
Plastic 144”, .03 oz. 


| 
GRIES REPRODUCER CORP. 


W orid’s toremost Proaucer of Small Die Castings 


149 Beechwood Ave., New Rochelle, N. Y. @ NEw Rochelle 3-8600 
Circle 205 on page 17 


STL AS 


15/32" dia. x 1%” long 
me Th] 
muy WEIGHT: 
samples avail- 
able — submit 
your specifica- 
Cte ae 
ere MTL 
MU Le 


UE tata e 
500 MW Max. (This relay 


available for power 


is 


eee aoe 
ments as low as. 100 MW but 


with slightly less vibration 


adhd lia ee 


PLC UE NEL ea 
15G up to 2000 CPS 


PHOTO 
lsum el oleae lal hg 
The Glenn L. Martin Company 


SIGNALS 


VIO LONG BRANCH, N. J. 


Circle 206 on page 17 


and all Class H requirements 
available in standard NEMA 
black and 9 colors. The smaller 
have found 


chassis assemblies 


ready ist in electronic 
By combining inorganic materials, 
this tubing is highly resistant to heat 
solvents and offers high 
il and fungus resistance. Bentley, Har 
ris Manufacturing Co., 100 Barclay St 
Conshohocken 2, Pa 


Circle No. 552 


most organ 


Reader Inquiry Servic 
on page 17 


PRINTED CIRCUIT 

CONNECTORS WITH NEW 
CONTACT DESIGN 

Printed 
one-piece body construction availabl 
in either type GR and M+E mineral 
MDG diallyl phthalat 


or CFG general-purpose phenolir 


circuit board receptacles are 


filled phenolic, 


The board receptac le series have i 
new contact design to prevent board- 
to-contact damage ont le 


her 
bery 


| A 
am 3 


sold over silver. Nylon polarizing keys 


permit quick, interchangeable polariza- 
tions. 
Standard terminations are solder eye, 


taper tab (AMP), 


wrap, for either single or double-sided 


solder dip and wire 


Minimum creep is 

in.: working volts are 770 d-c; 
and test voltage is 1650 rms. H. H. 
Buggie, Inc., Box 817, Toledo 1, Ohio. 


Circle No. 553, Reader Inquiry Service Cards 
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board circuits 


550 a-e. 


10-TURN POTENTIOMETER 


Model 7603, a 10-turn precision poten- 
tiometer for servo mounting, is 1'%%¢ in. 
in diameter, and has a range of total 
resistance from 350 to 450,000 ohms. 
The ambient temperature range is 


ELECTRICAL MANUFACTURING 





Is Important 


Emerson-Electric is ready to help you right now 
with any power-drive problem. In your highly 
competitive business, tomorrow can be too 
late. Skilled spec ialists who know motors and 
the needs of appliance and equipment 
manufacturers are always ready to go to work 
for you. They'll start with your design ideas— 
follow through to production and tested 


performance. 


It is this on-the-spot service, plus more than 
65 years’ experience meeting motor-drive 
requirements, that have made Emerson-Electric 


motors foremost in appliance applications. 


Call, wire or write Dept. M-100 today. 
The Emerson Electric Mfg. Co., St. Louis 21, Mo. 


th EMERSON-ELECTRIC 


“ore” 


ay 


of St. Louis Ye" Since 1890 
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CORD SETS 


“MADE BY ENGINEERS FOR ENGINEERS” 


No "time off’ expected for good 
behavior. CORNISH designs 
BLUE CHIP Cord sets to your 
special requirements, produces 
them with a KNOW-HOW that 
TS o sted ee ete 
finest electrical equipment and. 
appliances. No charge for con- 
sultation. 


Bley aie te ea SON tL 


All Cord Sets available in 


ee} fe) 


to match your appliances, 


both in Rubber and in Plastic 


CORNISH WIRE COMPANY, wc. 


50 Church Street New York 7, N. Y. 
CORDS AND CORD SETS FOR HOME, FARM AND INDUSTRY 


Liat iat be hela) 


@ ATLANTA BRIDGEPORT @ CHARLOTTE @ CHICAGO @ CINCINNATI 

CLEVELAND @ DALLAS ela kas @ DETROIT @ KANSAS CITY 

@ LOS ANGELES @ MINNEAPOLIS @ PHILADELPHIA PITTSBURGH 

@ ROCHESTER @ST LOUIS @SAN FRANCISCO @ SEATTLE @ W AMSTOWN 
@ Stock carried 
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irom 55 +80 C. with a powel! 
rating of 5 watts at 40 C. Full use of 
potentiometer resistance range is possi- 
ble since 90 overtravel is available at 
each end of the coil. The one-piece 
Resinox molded housing is highly re- 
sistant to moisture, as well as being a 
good insulator 

Application of a V-groove lathe-bed 
technique in design of the rotor and 
slider results in maximum precision, es- 
sentially zero backlash and low torque. 
Stainless steel ball-bearings are used, 
and critical machined surfaces in the 
housing are turned in one setup. As 
many as 28 taps can be added during 
manufacture. Two-gang units are avail 
able as a standard 

Modifications available include gang- 
ing of more than two sections and high- 
temperature operation; Le... a power 
rating of 5 watts at 60 C ambient, de- 
rating to 0 watt at 125 C. Life expect- 
ancy is 2.000.000 revolutions. Helipot. 
Division of Beckman Instruments, Inc.. 
P. O. Box 458, Newport Beach, Calif 


Circle No. 554, Reader Inquiry Service Cards 
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MICROSYN SIGNAL 
GENERATORS 


Highly accurate temperature-compen- 
sated microsyn signal generators pro- 
duce a voltage accurately proportional 
to angular displacement and are used 
for control computers. gyro instru 
mentation and accelerometers 
Functionally, the signal generator is 
a circular differential transformer hav- 
ing a balanced bridge arrangement 
different models of signal generators 
are available with 0.5 per cent linearity 
and allowable angular rotation up to 
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eee FACTORY EQUIPPED 


with ALLEN-BRADLEY Motot. Chithol 


Have you ever noticed how often you see the famil- 
iar A-B trademark of quality on motor starters or special 
motor control panels for production machinery of all types? 
This outstanding preference for Allen-Bradley control is the 
result of its proved reliability. 

Simplicity . . . that’s the real key to the reliability of Allen- 
Bradley solenoid starters and relays. They have only one 
moving part... all trouble causing bearings, pivots, and 
pins are eliminated. This assures millions of trouble free 
operations. And the double break, silver alloy contacts— 
used in all Allen-Bradley controls—are always in perfect 
operating condition. Contact maintenance is unnecessary . . . 
even the customary inspection can be limited to once or 
twice a year ... where the service is particularly tough. 

Insist on Allen-Bradley motor control when buying motor 
driven plant equipment. There is no better assurance of 
trouble free operation. 


A er 
This special control panel was furnished by 


/ SOA 
ALLEN-BRADLEY Allen-Bradley to control the precision belt 
\ J 


grinder built by Farnham Mfg. Div. of Wies- 


N\ { } ner-Rapp Co. All components are standard 
MOTOR CONTROL 


Allen-Bradley control units listed in the new 


=> QUALITY A-B Handy Catalog. Send for your copy, today. 


Allen-Bradley Co., 1309 S. First St., Milwaukee 4, Wis. 
In Canada—Allen-Bradley Canada Ltd., Galt, Ont. 
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LOOK TO TOBE FOR PROGRESS 


electronic 
RF 
filters 


Medium power, 11 circuit 
RF filter, designed 

to operate in the range 
of —55°C to +100°C. 


As specialists in the design and manu- Tobe Exclusives: 
facture of RF filters since 1922, 
TOBE has accumulated a vast wealth 
of data covering filtering techniques. 
When it comes to filtering problems, 
TOBE can solve them. 


Miniaturization with maximum 
quality. 


Guaranteed attenuation character- 
istics under full-load operating 


TOBE Filterettes in both single and conditions. 


multiple circuits, are available in sev- 
eral hundred standard designs to 
meet any conceivable application. All 
types are engineered to operate under 
the most severe environmental con- 
ditions. 


Current ratings up to 350 amps., 
AC and DC voltage ratings up to 
5000 volts. 


Maximum insertion loss at all fre 
quencies from 14 ke to 15,000 mc. 
For further data or engineering aid, 
write TOBE DEUTSCHMANN Cor- 
poration, Norwood, Mass. 


Each type available in a variety of 
mounting styles. 


S 2.6 8°S 6-64 2-4 6.09 6 4:6 6 C8 S82 


| PRODUCTS 


TOBE DEUTSCHMANN «© CAPACITOR PIONEERS SINCE 
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+ 20 degrees. Sensitivities are available 
up to 8 volts per degree with a signal- 
to-noise ratio better than 0.01 degrees. 

These units are of a pancake design. 
Physical size is 15g in. OD by 0.4 in. 
length. Nominally supplied in 26 volts 
input and a frequency range of 400 to 
5000 cps. Luther Manufacturing Co., 
7312 Varna Ave., No. Hollywood, Calif. 


Circle No. 555, Reader Inquiry Service Cards 
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100 PER CENT REACTIVE 
ELASTOMER-PHENOLIC 
FILM ADHESIVE 


Lew-cost, 4-mil thick 100 per cent re 
active synthetic rubber resin film ad- 
hesive has been developed for the 
bonding of flat metal sheets, flexible 
plastic films to rigid and semid-rigid 
metals and plastics, metal and plastic 
skins to honeycomb cores. 

The adhesive, PLYMASTER  V-3, 
incorperates a high-strength, porous 
paper as the carrier for the latent ad- 
hesive. achieving a very thin film at 
lower prices. 

Specific advantages in the use of 
solvent-free film adhesives include: 
cleaner bonding operations due to bet- 
ter confinement of the adhesive to the 
desired bonding area and to the elim- 
ination of all handling of liquids; elim- 
ination of costly liquid-handling/spread- 
ing/application equipment; uniform 
adhesive thickness throughout the joint; 
elimination of potential fire, toxicity, 
and odor problems. 

The adhesive is available in 36 in 
width, in 100-yard and larger rolls 
with protective interliner. Rubber & 
Asbestos Corp., 225 Belleville Ave.. 
Bloomfield, N.J. 
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HIGH BOND STRENGTH 
SILICONE ADHESIVE 


Easily applied high bend strength sili- 
cone rubber adhesive known as Silastic 
Adhesive S-2200 is translucent. non- 
toxic, contains no solvent, and may be 
applied with knife or spatula. 

Designed to bond vulcanized silicone 
rubber parts, Silastic S-2200 vulcanizes 
a variety of common metals. However, 
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Coil Type 
BUSS Heat-Limiters 


oa 


tT ea 
BUSS Heat-Limiters 


BUSS Heat-Limiters: 


Now available in many types 
and in many styles of terminals! 


A SOUND, LOW COST SOLUTION Applications include: Hair ‘back-up’ } 


protection should the 


Driers, Refrigerator Defrosters, thermostat fail for any reason. 
TO MANY PROBLEMS mone 


Deep Fryers, Incubators, Ovens, 


OF OVERHEATING... Industrial Cookers, Heaters, Com- lf overheating is a problem, it 


t 


bination Room Coolers... plus will pay you to investigate the ad- 
A Heat-Limiter with the thermal, elec- 


trical and mechanical characteristics best 
suited to your application probably is al- 


rantages of BIISS mee aa 
many other devices or apparatus vantages of BUSS Heat-Limiters. 
a Ise the ) aaieia 7 
where failure of temperature control Use the coupon or write Bussmann 


oy] fg. Divisi c Graw-Edison C 
: might cause trouble or a hazard. a ae papa. Mc Graw-Edison Co. 
ready available from the extensive BUSS St. Louis 7, Mo. 


line. If not, the BUSS engineers will gladly Where thermostats are used, 
work with you in developing one exactly BUSS Heat-Limiters offer ideal 
right for your needs. 


BUSS Heat-Limiters guard against 


Bussmann Mfg. Division Mc Graw- Edison University at Jefferson, St. Louis 7, Mo. 


overheating creating a hazard or re- 
sulting in loss of material by cutting 
off the current at a predetermined 


temperature. 


Please send information on BUSS Heat-Limiter 


Name 
Company 


Address Cit 
AN R ana = y 
OUTSTANDING 


DEVELOPMENT 


suss ruses: BU Ss Safety Valve HEAT-LIMITERS 
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Even strains up to 


100 LBS. 


can't budge cords and cables 
anchored by GRIPMASTERS! 


Eliminate cord and cable failures 
permanently wherever powcr is 
supplied by exterior conductors. 
Economical, easily and quickly 
installed by unskilled operators. 
Used by leading appliance and 
equipment manufacturers. 


AVAILABLE IN 3 TYPES 
TO MEET ALL. EQUIPMENT DESIGN 
AND PRODUCTION LINE 
REQUIREMENTS 


All Metal Gripmasters 


Form a smooth metal band, firmly 
locked with a “bull dog” grip on cable. 
One-piece construction; quickly posi- 
tioned by slight pressure. Cannot 
shake loose in hardest service, espe- 
cially suited for equipment subject 
to severe handling. 


“Click on Gripmasters 


’ Clickons form an immovable ring ex- 

3 1S erting uniform pressure on the cable 
circumference. Applied in seconds, 
Clickons are permanently locked in 
position. Effectively absorb cord pull, 
prevent braiding from unraveling and 
need for tape or thread binding, 


insulated Gripmasters 


Insulated types forming a compact 
ring that hold cables permanently in 
a vise-like grip. Suitable for assembly 
line installations. Designed to pro- 
vide positive protection for all cord- 
equipped electrical appliances. 


—AND GRIPMASTER 
CRS a ase 
ai aba Ds) 


Gripmaster 

rubber tubes, 
specified 
industry-wide 

by leading 
manufacturers, 
prevent fraying at 
cord ends. Available 
for 5 wire sizes to .790 


Write for Samples and Quantity Prices: 


GEORGE WALKER COMPANY 


EXCLUSIVE MANUFACTURERS 
118 AMSTERDAM AVENUE, PASSAIC, N. J. 
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to create a strong bond in only 5 min- 
utes at 240 to 270 F. It is also recom- 
mended for bonding silicone rubber to 
a variety of common metals. However, 
optimum adhesion to metal requires a 
cure of about 4 hours at 480 F under 
firm contact pressure. Good adhesion 
may be obtained with shorter cures 
through the use of A-4094, a silicone 
primer which air-dries in 30 minutes. 

No special surface preparation for 
S-2200 is required beyond normal 
cleaning. Because the adhesive is sol- 
ventless, parts may be assembled im- 
mediately upon application. Tests 
indicate that cured films develop 
strengths in the order of 25 pounds 
pull per inch width and retain both 
mechanical strength and full resilience 
at temperatures ranging from 70 to 
500 F. Dow Corning Corp., Midland, 
Michigan. 


Circle No. 557, Reader Inquiry Service Cards 
on page 17 


MAGNETIC CONTACTOR 


A-C magnetic contactor called Type 
“D” is available in sizes 0 through 5. 
It allows much faster inspection by 
making all parts readily accessible. 
All moving and stationary contact sur- 
faces are fully exposed by snapping 
open the contact cover. Maintenance of 
coils has been made easier. Coils can 
be changed quickly by disconnecting 
the coil leads from the terminals and 
depressing from the holder. 


The new design employs a decelera- 
tion arm that reduces bounce. In addi- 
tion, self-aligning, movable contacts 


insure equal pressure and alignment 


| between stationary and movable con- 


tacts on breaking. On contactor sizes 
1144 through 5, quenching chutes are 


| used to lengthen, cool and extinguish 
| the are. 


Because the contactors contain only 


| a single moving part which rotates 


only 22% degrees, longer mechanical 


life is assured. There are no _ links, 
pivots or sliding members to cause 
mechanical failure. 

For greater safety, the design per- 
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DESIGN FLEXIBILITY 
plus PROVEN PERFORMANCE... 


When you build-in R&M Motors... 


you build in customer satisfaction 


R&M Universal Motors have proven to be dependable 
performers in hundreds of OEM products used by millions 
of satisfied customers. You can be sure your product 
will give more years of reliable, trouble-free operation 
if it's powered by R&M. 
Design engineers prefer R&M Universal Motors for their 
broad design flexibility. Consider these variables on 
standard models: AC or DC operation... 1/50 to 1/2 hp 
. pad, foot or end mounted rotation in either direc- 
tion... open or totally enclosed. Custom designs with 
special ratings are also available. 


foot mounting 


end mounting 


Build customer satisfaction into your next product! Write 
today for R&M Bulletin 444-EM! 


etal ROBBING & MYERS. ne. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 


= 1 ; , 
t2{ QE fy Sof uf f 


® 
MOTORS MOYNO PUMPS PROPELLAIR FANS 


Robbins & Myers build motors 
from 1/200 to 200 horsep¢ wer 
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UNIVERSAL TRANSISTORIZED 
STATIC CONVERTERS & INVERTERS 


DC-DC CONVERTERS 


—the heart of every 
dependable mobile system 


In much of the important new elec- 
tronic equipment being designed 
today for marine, mobile and air- 
craft applications, designers have 
found Universal Transistorized DC-DC 
static converters to be highly effi- 
cient, compact, rugged improvements 
on dynamotors and vibrator power 
supplies. There are no moving parts 
no wear, no tear and no brush 
interference. 


PERFORMANCE 


as high as 98% << 
as small as % cu. in. 4 
per watt 


as light as s oz. * 
per watt 


6-110 VDC 4 
to 2000 watts co 
to +0.1% 4 


DC-AC INVERTERS 


—for operating AC equipment 
from battery power 
Universal transistorized DC-AC static 
inverters enable manufacturers to 
provide maximum power from a mini- 
mum package for electronic and 
electrical test equipment, public ad- 
dress and emergency lighting sys- 
tems, synchros, gyros, compasses, 
timers, tape recorders, motors and 
other equipment requiring AC power 


CHARACTERISTICS 


Ca as high as 98% 


> as small as % cu. in. 
per va. 


E as light as 2 oz. 
per va. 
eB 6-110 VDC 
> to 2 KVA 
& to +0.1% 


Protected against short circuits, input polarity reversal, line and load surges. 


"For leaders such as Bendix Radio, Dumont 


General Electric, RCA, Sperry Products and 


Western Electric, UAC power supplies’ high transistor reliability ( to 95% in 10,000 hrs.use 


iow maintenance minin 


Whether your engineering 
HIGH or LOW VOLTAGE, HIC 
has the unit to outlast and out 


m size and weight 
as 98% are paying in nt dividends 

em requires DC to DC, AC to DC or DC to AC units in 
or LOW POWER, REGULATED or UNREGULATED, Universal 


long life ond efficiency as high 


out-power conventional supplies’ by far 


UAC BHlectronics 


DIVISION 


‘UNIVERSAL ome 


Dept. EM 2 Be 
Ecigew i3-3304 
N CANADA ELECTR 


ENTERPRISES 


St. Westbury. L 


Cable VU 


REGD. 551 OAKWOOD AVE, TOR 
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mits the armature to be locked in the 
open position, thus giving a visual 
dication that the circuit is open. 
Rowan Controller Co., 2315 Home- 
wood Ave., Baltimore 18, Md. 
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DOUBLE PINION HOLLOW 
SHAFT DIFFERENTIAL 
Double 


features increased torque capacity and 


pinion hollow shaft differential 


can operate at speeds as high as 2500 
rpm, with up to 32 oz-in. of torque 
input. 

AGMA Precision Class II gearing is 


ised throughout, in conjunction with 


shielded ball 
suring the highest accur 
differentials. Backlash 


under one minute. with 


precision 


running triction torques 

values. 

Rapid installation in confine 

or between cast-in supports is made 
possible by the hollow shaft design 
which accommodates 1% in. and “4¢ in. 
shafting and permits permanent o1 
temperary pinning to an existing shaft 
Flexibility is provided by interchange 
able end gears which may be easily 
installed in the field. The end gears 
are available in wide tooth ranges for 
8, 64. 96 and 120 diametral pitch. 
Reeves |r 


St., New York 28, N. ¥ 


strument Cor 207 9] 
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SMALL STROKE COUNTER 


Small stroke counter Model 4-X-]-1 is 
available with right hand or left hand 
drive, and speed up to 1000 counts 
per minute. It medium-duty coun- 
driving 
effort. The working parts are made of 
non-corrosive materials, the shafting of 


stainless steel. the driv irts FM 


ter, requiring a minimum ot 





ARNOLD offers you the widest selection <<“ °°” ov 


MIL-T- specification of —55° Cro + C 


nen This type of scaiemabaial maximum change of inductance 
of Temperature Stabilized with temperature, as well as the constancy of permeability 


with time and flux level, are of particular importance to 
M0-PERMALLOY POWDER CORES opparatus and circuit engineers. Many precision military 

and industrial applications demand the uniform performance 
and the excellent physical properties found only in Arnold 

Arnold Molybdenum Permalloy powder cores are available Mo-Permalloy powder cores. 

with the temperature coefficient of inductance controlled For design flexibility 

within certain limit er specific tem | 

core sizes and permeability combinations can be supplied 125, 60, 26 and 1 “ou will find them dependable and 

in at least one of the four different type temperature tO u ‘ou will find most sizes and types in stock nou 

stabilization available. - 


le 


For example, most of the popular core sizes are manu- et us furnish your requirement r temperature st 


factured in the new type of wide range—‘'W’’—stabilized bilized Mo-Permalloy powder cores, or any magnetic mate- 


cores whose temperature coefficient of inductance does not rials you need, from the most complete line in the industry. 


For more information write for THE ARNOLD [-NGINEERING ([OMPANY 


Bulletin PC-1048 


Mo-Permall P er 
s sizes from 0.500” O.D Main Office & Plant: Marengo, Illinois 
: ce aay Repath Pacific Division Plant: 641 Eost 61s? Street, Los Angeles, Calif. 
District Sales Offices: 
Boston: 49 Waltham St., Lexington Los Angeles: 3450 Wilshire Bivd. 
New York: 350 Fifth Ave. Washington, D.C.: 1001-15th St., N.W. 


we of —65° I +185° I 


ADDRESS DEPT. EM-82 
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WRITE FOR FIREROD BULLETIN 365 


NA\ 





GET MORE 


FOR YOUR MONEY! 


ith the WATLOW 
ns LS LRRD) 


TRIDGE HEATING UNIT 


A new concept in design and manufactur- 
ing techniques has produced the FIREROD 
— capable of rendering 5 to 10 times the 
life of standard units, thus eliminating 
costly delays caused by burnouts. Because 
the FIREROD has the ability to operate at 
very high watts densities and temperatures, 
operation at normal watts densities and 
temperatures gives a greatly extended life 
and reduces your cost of operation. 


The rugged FIREROD is better able to with- 
stand rough handling, shock and other field 
conditions (such as over-voltage surges) 
without the breakdowns encountered in 
ordinary units. 


Watt for watt, the long lasting FIREROD 
offers you maximum value 
for your heating doliar. 


ELECTRIC MANUFACTURING CO. 
1362 Ferguson Avenue 
Saint Louis 14, Missouri 
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3001 Nylon, giving them longer life 


and wear than metallic drive parts. 
The figures are 0.187 in. high by 0.138 
in. wide, white on black background for 
maximum visibility. 

The case and cover are zinc die-cast, 
the mounting plate is an integral part 
of the base plate to give further 
strength to the unit. The counter, de- 
signed with tongue and groove fit 
between cover and base, is sealed to 
prevent dust and moisture from seep- 
ing into the working parts. Dimensions 
are: 234 in. wide by 134 in. high by 
6 in. deep. Weight is 414 oz. 

Model 4X-1l-1 is especially suited 


for applications on laboratory equip- 


ment: vending machines, and similar 
equipment. Durant Manufacturing Co., 
1962 No. Buffum St.. Milwaukee 1, 
Wise. 
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MINIATURE FLEXIBLE 
COUPLINGS 


These couplings are made in 2 stock 
models and in 2 sizes for each model, 
ranging from 4g in. OD to 1-%4¢ in. OD 
for shaft diameter from 1% in. to 4% in. 
They are rated to transmit from 30 to 
45 in.-lb torque at high speeds. There 
are no moving parts to wear, no fric- 
tion. nothing to be lubricated, and 





maintenance is nil in this all-metal 
unit. The couplings are rigid with no 
backlash and provide a smooth con- 
stant drive 

The couplings absorb angular mis 
alignment up to 714 degrees, lateral 
misalignment up to 0.015 in., and axial 
movement up to 0.060 in. in a single 
unit. They also dampen _ vibrations 
effectively. Dial Products Co., 9 Ave 
E, Bayonne. N. J. 
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FLUSH-MOUNTING 
TOGGLE SWITCH 


[ype 2050 toggle switch provides three 
circuit arrangements: single - throw 
2-position on-off, double-throw 2-posi- 
tion on-on, or double-throw 3-position 
on-off-on. Flush panel-mounting, the 
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A FEW OF THE MANY air impeller units made by The Terrington Manufacturing Company, Torrington, Conn. Fan 


> ie 


blades are fabr ited from Ana nda Aluminu Coiled Sheet Alloy 3003. Blower wl Ss us Allovs 5050 ind 5052. 


Uniformity of Anaconda Aluminum Coiled Sheet helps 
Torrington maintain high quality in air impellers 


The Torrington Manufacturing Co. is a leading supplier of The Torrington Manufacturing (¢ stamps components 
I llers to the air conditioning, heating, and ventilating from large « s of aluminur heet. Fans range from 1’: 
l stries. Its t nge! it iSS s to 50 ( | ] t 5 ] é 
( t to bl ( t Air Foree bers 
| . { 5 } +] ALUMINUM COILED SHEET 
( ] il S tab! i a rol ium im ie ¢ npany 
has turned to Anaconda Aluminum Coiled Sheet and has Anaconda Aluminum Coiled Sheet, produced to the high 
} -_ } 
I that tl I t | etal in sl vent after ship- st iS t nt - Phe 
} : 1 
I i t easier to maintain the high quality stan¢ \ ( 5 e tor prompt shipment 
1 } F fron r eresnotn: © + lly ntc in th nited St c 
} } r its air impe llers. Irom Porri vy LD Sin the Uni ed states. 
It is rolled on the most modern, high-speed equipment, 
X-ray controlled to close tolerance in gage. High-speed, ele 
treani ie } 1 clitterc ct widtl i: woth cena 
oS g ils. I itest t p rie | 
y +} nher na t s tire 
= spnere a f yerature 
} oh structul to meet spe- 
I 
cified mechani propert mits 


FOR IMMEDIATE ACTION 
Contact The Ameri n | | my inv 's District Sales Office 


nearest vou or TI American Brass Company, Torrington 


Division, Torrington, ¢ 


AVAILABLE FOR PROMPT SHIPMENT TO ALL POINTS IN THE U. S. A N AC O “ D A 


Anaconda Aluminum Coiled Sheet in gages from 0.006” to 0.064” ALUMINUM COILED SHEET 


OM” 


ind in widths from %” to 28 oils up to 100 pounds per inch 


of width. in alloys: 1100, 3003, 3004. 5005. 5050. 5052 Made by The American Brass Company 
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’ A UNIQUE DESIGN IMPROVES WEIGHT, SIZE, PERFORMANCE FACTORS 


. , . - 


NEW! 


Miniature telephone type relay has 
S10hel=) lea shock/vibration resistance 


=). 


POTTER & BRUMFIELD 
MG SERIES RELAY 


to 4 Form C (4PDT). It 


} h-temperature 
f 65°C t + 17 Cc 
¢ r unre toda 





‘OTTER & BRUMFIELD, INC., PRINCETON, INDIANA—SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 


~ 































f 50 switct n be furnished with 
black or 
ilso be turnished with 


il handles 





ws, ; 
“te I itions 
re Elect ting: 15 amp, 125 volts, 
2 Its a \lodifications 
ale ils e furnished tor s-amp of 
v 2Q-ar p 250 volts 
POLYSTYRENE 4 | -pected erminals ean be 
DUST COVER uw’ HERMETICALLY SEALED . ‘4 
P e <u] ed as ling-head screws, solder- 
Le k ! ect tvpe Ark-les 
MG SE RIES suet ( ' - W ate “Tt W atertown 
TERMINALS: M 
Open Relay: Pierced Solder Lugs. . cae ds ta 
Contacts: Two #18 AWG wires. Coil: Two #20 AWG wires. "6 
Hermetically Sealed: we 
Miniature plug-in header with 7,9 or 14 pins. Multiple Solder "y TEFLON TAPE WITH 


header with hook end terminals for three +20 AWG wires. 


COLOR STRIPES 
Polystyrene Dust Cover: Micro Ribbon plug-in type. 


* 


Mating receptacle: Amphenol *57-20140 or similar. 2 t ‘ stripes is avail 
INSULATION RESISTANCE: 100 megohms min. ible : o 1 in os an 
e pre f n al specihed color ni- 

VIBRATION: .065” excursion 10-55 eps. a . 


i stripes Is pre- 
10g 55-500 cps. upon request. , 


SHOCK: 30g according to Mil-R-5757C upon request. 
TEMPERATURE RANGE: —55°C to +85°C. 

WEIGHT: 1.2 ozs. (open) 2.0 ozs. (sealed). 

PULL-IN SPEED: Approximately 15 ms at nominal voltage. 
DROP-OUT SPEED: Approximately 10 ms at nominal voltage. 
CONTACTS: 3, 32 silver. 

CONTACT ARRANGEMENT: 4 pole, double throw (4 Form C). 
COIL POWER: 3 watts max. DC | 25°C. Continuous duty. 


itacture. 





P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL 


ELECTRONIC, ELECTRICAL AND REFRIGERATION DISTRIBUTORS Pp se will be the insulation of 
See our catalog in Sweet's Product Design File. aiteige int <= and electronic parts which 


striped “Bor tape is currently 
PRINCETON, INDIANA ' 


g - - vire nsulating mate- 
> appiled to the wire in one 
y b Manufa turing Corp., 
SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
Manufacturing Divisions also in Franklin, Ky. and Laconia, N. H. \ e. Mass 
Mail the coupon below for further cngineering data on P&B's MG Relay plus new = 2 : ae cee ee ee 


compact catalog of standard type relays. If you need answers to a specific applica- 
tion problem, write in detail 


TRANSDUCER HAS HIGH 


Potter & Brumfield, Inc., Princeton, Indiana UTPUT OVER WIDE RANGE 
Attn: T. B. White, Brig. Gen. USMC (Ret.) 


: 3 : t ove! nge of 0.175 
Special Projects Engineer F ; . Lis 
. : { -\ t voll ¢ i LOO 
Please send me complete engineering data on the MG Relay . ya 
plus the new compact catalog of P&B standard relays. ps. Is with this compact dil- 
Nome ere I -forme L he nit is 214 
o OD x 0.200 in. 1D 

Company , ' 
( S features it de nylon- 
Address _—s sas piel E hloride 
City Zone State es rmature having 
end. A 


istened into 
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“Nothing like Kester Solder, Fred, “When it comes to rigid alloy qual- 
for speeding up those production ity control, George, you have to 
soldering jobs.” hand it to Kester Solder.” 





~~ 

q) 

“Been using Kester for almost half “| like the way Kester Solder goes 
a century, Tom.” to work, Harry. It's always fast, neat 


economical.” 





“The Technical and Engineering “We have no trouble with inspec- 


Service at Kester is a great help in tion rejects now, Bill, since we 
king production problems, Bob switched to Kester Solder.” 


i oy 
Tate << £ ») fret td Re i. HOW THE WORD 
e 4 / GETS AROUND! 
4 : 


Se 


You hear comments like these 
everywhere plant men get together 
to “talk shop.” It’s a fact ... there’s 
no product quite like Kester Flux- 





SRE 


x Core Solder. And that’s why you 
4 see it used everywhere. 





ay 


Y SEND FOR “Solder... Its Fundamentals 





Company 4209 Wrightwood Avenue, Chicago 339, Illinois 


Newark 5S, New Jersey ¢ Brantford, Canada 
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and Usage,” the 78-page Kester textbook. It’s free. 


KESTER SOLDER 





one end of the armature, an actuating 
rod is screwed into the other. The arma- 
ture finish is cadmium plate, gold iri- 
dite. Coil construction is 3-structure, 
with primary winding in the center sec- 
tion of the bobbin between two series 
of bucking secondary windings 

Null voltage is 10 mv rms max, 
range +0.175 in.. linearity is better 
than 1 per cent. The unit has 2.9 my 
per 0.001 in. displacement per volt in- 
put at 400 eps. From null to maximum 
displacement. the phase angle shift is 
10 degrees max over an ambient tem- 
perature range trom 67 to +-185 F 

The transducer is designed to with- 
stand a 15-day humidity test. a 90-min- 
ute vibration test of total excursion of 
0.060 in. at frequencies between 10 and 
55 cps and a corrosion test of salt spray 
for 50 hours. It is for use in altitudes 
up to 50.000 ft. Automatic Timing & 
Controls. Ine., King of Prussia 6, Pa. 
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TWO-STANDOFF 
TERMINAL FOR ONE-HOLE 
INSTALLATION 


The Double-Header is actually two in- 
dependently insulated standoff termi- 
nals mounting in one chassis hole. Con- 
sisting of two standoff terminals coaxi- 
ally held at both ends of a single 
Teflon bushing. the Double-Header in- 
stalls in a single chassis hole to provide 
connections on either or both sides of 
the chassis. 

Available in’ six standard and 
stocked types, Series DST saves space 
labor. time, money. Available in either 


pin or turrent lug stvles, 3500 to 5500 
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...completely redesigned 
Performance- Rated” 


GEARMOTORS 


Here they are...new improved Century Gearmotors ability! Available with Century polyphase, single 
... Performance-Rated for exact application of motor phase and DC motors. Variety of mounting positions 


to job...embodying that famous Century depend- possible, including downshaft and tilted shaft. 


Improved equipment performance for you with new improved -¢* Gearmotors 


a 
-~ 


et FN 
mh 
>f a ht 


“% 


oe 


4 


No pinion play, no creep even under reversing 
service! Motor shaft machined for high speed 
pinion assembly... pinion splined into shaft and * 
rigidly, positively locked in perfect alignment! 


Trouble-free service even under heaviest loads 
and severest operating conditions is provided by 


extra-capacity bearings, integral bearing housings 


Cooler operation... maximum wear life, and ex- 
tra thermal capacity through improved case design 
and superior oil mist lubrication. Improved oil seals 


keep the lubricant in and foreign matter ouf. 


More dependable power transmission... higher 
capacity and longer wear life with Duti-Rated 1 to 125 HP, 
Lifetime helical gearing. Carefully controlled heat 
treating processes give file-hard tooth surfaces, 
tough ductile tooth cores. 


J 


or Single, double and triple reduction available 
Permanently accurate alignment of shafts, gears, Pi with output speed 750 to 7.5 RPM. 
bearings and seals assured by extra-rigid, cast 
gear housing. Alignment can't be distorted by 
overhung loads, uneven mounting surfaces, impact. 

Quick easy disassembly for inspection or mainte- 


Century Gearmotor with shelf-type motor base. 
nance without disconnecting from driven equipment. 


11 for use on equipment for plants 
Century Gearmotors are Performance-Rated for —— 
: ; . 7 ; h here motors must be interchange- 
precise application to your equipment require- ; : y Cent italiana 
F ible. Uses Ce andard hori- 
ments in the full Century range of motor size, speed, ea a —e > . - 
torque, mounting. Available in drip proof, explo- 


sion proof or totally enclosed frames. 


Investigate these improved Century Gearmotors now. For further details, call 
or write your nearby Century District Sales Office or Authorized Distributor. 


Performance - Rated © 


MOTORS CENTURY ELECTRIC COMPANY 


1/20 to 400 HP 


63 1806 Pine Street © St. Louis 3, Missouri Offices and Stock Points in Principal Cities 
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volt nominal ratings. Also, in a choice 
of the eight EIA code colors. Sealectro 
Corp., 610 Fayette Ave.. Mamaroneck 
Ns %: 


Circle No. 565, Reader Inquiry Service Cards 
on page 17 


MINIATURE MECHANICAL 
DIFFERENTIALS 


Featuring high torque characteristics 
and smooth speed variation through 
zero rpm. these differentials produce 
the algebraic sum or difference of two 
speeds in the torm of rpm ot the out 
put shaft. Each unit contains two a- 


or d-c motors and a precision gearing 








BORTHIG ‘K-252 
Baking Varnish 
for MOTOR and TRANSFORMER WINDINGS es ee 





rpm cew with S00) oz-in. of torque. 

For 10 years K-252 has been proving itself an excellent ee ae me ae 

and reliable Baking Varnish for Class B operations. aaa see Seen a seen changes 

aitaiiiaes ae in apices drives, 

Because of its overall economy and proven satisfactory tracking devices, or digital-to-analog 

performance, Borthig K-252 Insulating Varnish will fit pcan ae ee 

perfectly into your Class B insulating systems. Give your selected. A typical unit measures 4% 

motors, transformers, form and random wound coils and in. long. 1 3 4 in, wide, 3 in, high 

armatures the full lifetime protection that Borthig K-252 a : are "haa esi aia 
affords. Give them the benefits of K-252’s excellent pene- 1784 Stanley Ave., Dayton 4, Ohio 
trating and good bonding qualities—and of its high wet cee es 


and dry dielectric strength. 


TEFLON TAPE 


An ext f K-252 is that it is entirel tibl 
n extra plus ° 52 is that it is entirely compatible COAXIAL CABLES 


with the modern Class B sheet and tape insulations. 














Two Teflon tape dielectric coaxial 

cables electrically equivalent to RG- 

117, U. part numbers 421-103) (vinyl 

Look to Borthig to furnish all jacket) and 421-121 (Fiberglas jacket) 

© your baking and insulating varnish and are similar except FOr jaceets. Phe 
compound needs with products that are cables have an impedance of 50 ohms, 
time-tested and proven by experience: dielectric strength of 10,000 volts rms 

and a maximum attenuation of 3.0 db 

* Epoxy Compounds ® Epoxy Thixotropic Pastes per 100 feet at 400 mc. Temperature 
== ° Stator Compounds ® Air Drying Varnishes range for the 421-103 is —o5 C to 


“ ® Epoxy Varnishes © Fungicidal Varnishes 
~ 








“a C. BORTHIG COMPANY, INC. 


A Ee 





LTT mine A Pe ee ee ee) 


ns 
hr 
i 


226 Circle 221 on page 17 ELECTRICAL MANUPACTURING 














Muiltipie Operations 
can often be reduced to Two 





with Madison-Kipp 
zinc and aluminum die castings 


Te « )| 


ence the selection of die castings to 


designers, frequently, influ- 


reduce tooling costs and to reduce the 
number of machine and assembly oper- 
ations required. 

Cooling fins, for instance. can be 
stamped and formed and assembled to 
a housing with multiple operations 
Seasoned die designers and expert tool 


usually 


makers at Madison-Kipp can 





i @ [Z 


Skilled in Die Casting Mechanics e@ 


Experienced in Lubrication Engineering 


make a more efficient, stronger and 
lighter part in one die casting operation 


plus a fast trimming job. 


s oo 
Possibly similar savings can be ap- 

. ] oe ry 1 } ] ae 
plied to your parts We will be giad TO 


try to assist in analyzing your problems. 


Please clip this ad as a reminder to 
contact us when you have die casting 


requirements. 


MADISON-KIPP CORPORATION 


214 WAUBESA STREET + MADISON 10, WIS., U.S.A. 


Originators of Really High Speed Air Tools 
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only the 
electronic brain 
equals 

the precision 
of this 





This new NWL laboratory type current transformer measures 
power of extreme low power factors down to 3%. It has 

a phase angle error to 2.4 minutes leading. The accuracy is 99.5% 
(The same accuracy can be applied to instrument potential 
transformers) The current rating is 500/5 Amperes. This 
instrument can be made from 1 to 10,000 Amperes. 


The current transformer, a new member of the well-known 
family of NWL Transformers, is made to fit the particular needs 
of the user. Each Nothelfer transformer is individually tested for 
core loss, polarity, voltage, corona, insulation breakdown and 
aging characteristics and must meet all customer's 
requirements before shipment. We shall be glad to receive 

your specifications and quote you accordingly. 


ESTABLISHED 1920 
ee 
(ZS 
NEMA} 
eas SAY: NO—TEL—FER by 


NOTHELFER WINDING LABORATORIES, INC., P.O. Box 455, Dept. EM-2, Trenton, N.J. 
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B5 C: 100 C to 200 C for the 
-121. 

Cables are said to provide greatly 
improved flexibility by the combination 
of a multi-strand center conductor and 
the Teflon tape dielectric. Power han 
dling capabilities are rated as 6 times 
greater than comparable polyethylene 
types. Assemblies using these cables 
and improved I | ty pe connectors €X 
hibit a vswr of less than 1.35 to 1 at 
frequencies up to 5000 me. Both cable 
types are available in continuous lengths 
up to 200 feet. Amphenol Electronics 
Corp.. 1830 So 54th Ave Chicago 50 
Il] 
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MICRO-MINIATURE RELAY 


The “Powrmite” is a 2PDT hermet 
f 


cally sealed micro-miniature relay ol 


rugged construction, designed to wit 
stand shock of 50 g’s at li n llises 
vibration of 10-55 eps at 0.06 an 
plitude and 55-2000 eps at 20 g. will 





i2Z> < 
\dd 
go LOOO S 0 | 
ee! poe ( i sulation 
¢ -<tanc 1) tn) g ] I 
i | nta ing ( 
2PDI wit! o 
ny re sti t } 
Pj K i l i t i 
nominal coil voltage of 25 ¢ 
time—7 millisec may nominal 
oltage—26.5 volts d- oil resistance 
5005 ohms 10 pe a OF 
altitude 70.000 ft duty is continuo 
nd the relay will pick up whet 
tage is 18 volts d le f t 
imbient temperature range Filtors 
Tine 1) Sagamore Hill Dr Port 


Washington, N.Y. 
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FIXED-COMPOSITION 
CAPACITORS 
Available in 49 different ELA (RETMA) 


values, these “JM” capacitors cover 
the range from .10 to 18.0 uuf. in one 
or more of the standard capacity toler- 
ances. 5, 10 or 20 percent. Utilizing 


+20 gauge heavy tinned copper wire 


ELECTRIC A MANUFACTURING 
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Evaluation of Sylvania transistors types 2N312, 
2N356, 2N357, 2N358, for 1,000 hours at 85°C 
shows the high Beta stability the units maintained 
throughout the test. 





Four more Computer Transistors 











° Typical Characteristics 
_from Sylvania (25° C): 2N312 2N356 = 2N357 2N358 
Collector Cutoff Current, Icao 
Vcg- 20, emitter open — 20 20 20 va ® 
Vocg - 15, emitter open 10 ue _ _ _ 
Yoa- 5, emitter open — 3 3 3 va 
Yoao emitter open 2 va - — _ 
Sylvania widens its product line of abit ls Giseniaites 
high stability types designed espe- Likeastan im x — 
; ; s Veg= 5,collectoropen — 3 3 ua 
cially for computer applications Vege J, collectoropen 2ua — _ _ 
Emitter Punch Thru 
_ 2 20 ua 
B~ ae Ven = 18) (Veg @ 15 
Design engineers are now provided with an expanded line of nT eee - a ” 
computer transistors from Sylvania, basic source for high Beta ee = 500 500 amie 
units. The new additions, types 2N312, 2N356, 2N357 and oe ee Voce = 20) (Veg = 18)-(Vcg = 15) 
2N358, are NPN germanium alloy junction transistors. They Rpg = 10K MOS. = _ = 
exhibit the stable Beta characteristics and fast switching times - ; “cel 
that have made Sylvania types 2N377, 2N385 and 2N388 so ee 
popular. The new transistors are ‘‘base-off-the-can’’ types de- Sean) as ms a = 
signed specifically for those applications where all transistor -300mo — i — 0 
elements must be insulated from the metal case. CE> c> 10ma = = = 
As with Sylvania original computer transistors, the types Saturation Voltage, Vice (ma 
2N312, 2N356, 2N357 and 2N358 meet EIA size group 30 oer ee. = = 
dimensions. They also meet environmental tests typical of those RS eee eat oats 7 ot a4 
required in military applications. Tests include temperature p= 10 ma, ipel om 7 — - ~ 
cycle, moisture resistance, centrifuge, and lead fatigue. V ge, Vax iro 
In addition to stable Betas at changing current levels, the cE 7 0.25, 1c = ma — 0 _ - 
four types have good leakage stability. Total dissipation for rere ~ = ae 
each unit is conservatively rated at 100 mw with ambient tem- a are . ss - 
perature at 25° C, Storage Time 5 3 5 
Fall Time 8 6 6 
X ¥ y / Y Syrvania ELectric Propucts Inc. 
yy { / f fe 1740 eel: on ae a 
j Sylvania ectric anada) Ltd. 
b sll ‘ L Tower Bldg., Montreal. 
LIGHTING + TELEVISION + RADIO + ELECTRONICS + PHOTOGRAPHY - TOMIC ENERGY + CHEMISTRY-METALLURGY 
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Need a motor 


impervious 


to destructive 
environment ? 


Call Jack & Heintz—America’s leading specialist in 
Customized motors, !, to 3 hp (12 to 15 hp in submersi- 
ble motors). We'll gladly devote as much time as it takes 
to design a motor that’s impervious to humidity, dust, 
fumes, corrosive liquids or altitude. We'll give you a 
motor that electrically, mechanically and physically fits 
your product and its environment perfectly. 

Customizing electric motors to meet the specific re- 
quirements of original equipment manufacturers is our 
business. Because we're organized that way, costs are 
reasonable. 


In addition to customizing for environment, we can 
increase torque, stretch a motor tall, squat it flat, or 
design-in special ambient temperature rating. We'll make 
a motor cool, flush, submersible, or give it a special finish. 
You name it! 

So go ahead freely! Design your product to do its job. 
We'll fit a motor to it that will make your product 
perform the way you want it to... look as good as it 
should... last as long as you say it will... and sell 
faster because of it. 


FREE! write for this 24-page booklet. It 
explains when to specify Customized motors, 
shows examples of design variations, illustrates 
case histories of Customized motors for actual 
products. Write: Jack & Heintz, Inc., 7620 
Broadway, Cleveland 1, Ohio. 


Back & Heinz. Inc. 


CwWSTONMIZE OF ELEecrTrRriqc mMmMo+rToRs 
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If springs will be 
important in the 
ind body insulation—are_inte- | NEW products 


gré molded to form a small. dur iki 
eee ss sees You plan to make... 
selected electrical ceramic body and a ; 
specially developed thermosetting resin. 
Operating stability, a moderate a 
characteristic, design simplicity and LEWIS has 
economy make “JM” capacitors suited 
for many uses. including coupling in 2 
Do eee ee a | | the experience, 


stages, and others where low capaci- 


Sons acces aamiieed 4 the organization, 
ag lig the facilities 
to help YOU 
solve problems 
in Design, 


perature changes, with variations from 
less than 1 per cent to not more than 
6 per cent (depending on capacity 


value) over a range from -55 C to --85 


ONT ET” 


C. “Q” range is from 100 to 200, de 
pending upon capacity. Axial wire 
leads are 154 in. + 1x in. in length 
Jeffers Electronics Div.. Speer Carbon 
Co., DuBois. Pa. 


RelA Ieee T 


e . 
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and Purchasing 


ACCELEROMETER SENSES UP 4 ... to conserve 


TO 1000 G's zd : 

Known as the Type 4-242 accelero- * your time, effort 

meter, the instrument produces flat 4 

response between 50 eps and 60 ke. It 7 j and lower your costs 
accurately senses vibratory accelera- Bes 

tion and shock up to 1000 g’s, with 


readings not affected by 200 g’s steady- 


state acceleration. The pickup itself < : SPRI NGS AND WIREFORMS 
withstands overloads of 5000 g's with- BS 1 ARE OUR BUSINESS 


out damage. It will operate at 
temperatures from —10 F to +-140 F. 
Transverse response of the Type 4-242 


he ile le perpe dicul: oO he sen- 
sitive ha Is tan an ne pot a ; Send Us YOUR Problem! 
response in the sensitive axis. 


[The unit operates on the electro- 
kinetic principle for vibration  sens- 


eS : = on, = 
ing. A polar fluid acting as a seismic re SY 


LEWIS SPRING & MANUFACTURING COMPANY 
2634 W. North Avenue, Chicago 47, Illinois 


PR Ee hoS 8 cee 


=> SPRINGS 


@ 


The finest light springs and wiretorms of every type and material 
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Adjust A-Vott 
Variable Transformer 
line has everything! 


Electronic design, development and research 
engineers are finding that the Adjust-A-Volt 
line of variable transformers is way out front in 
efficiency, durability and performance. 

Adjust-A-Volts provide smooth, continuous variable 
voltage control with excellent regulation and no 
wave form distortion. There’s a type to fit every OEM, 
laboratory, production or testing application. 

The complete Adjust-A-Volt line includes bench or 
panel mounting, manual or motor-driven operation, 
ganged assemblies, 50/60 or 400 cycle, high temperature 
or double commutator types, and military designs. 
Ratings up to 20 KVA. 

New Adjust-A-Volts are under development. Your 
inquiries for “specials” are solicited. Adjust-A-Volts 
are stocked by leading jobbers throughout 
the country. Write for 22 page catalog which 
gives all features and specifications. 








STANDARD ELECTRICAL PRODUCTS COMPANY 


VARIABLE TRANSFORMER DIVISION 


2240 EAST THIRD STREET, DAYTON, OHIO 





t 
oS 
N 
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mass is contained in a cylinder parti- 
tioned laterally by a porous-ceramic 
dise and closed at both ends by flexible 
diaphragms. As vibratory acceleration 
or shock occurs, a minute flow of the 
polar fluid is forced through the porous 
ceramic partition. This creates an 
electrical output equivalent to the 
instantaneous acceleration. Consoli- 
dated Electrodynamics Corp., 300 No. 
Sierra Madre Villa. Pasadena, Calif. 
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PHASE SENSITIVE DETECTOR 


Model IC-101 PSD (phase sensitive 
detector) is a linear demodulator de- 
signed for high performance servo sys- 
tems. Its principal feature is the com- 
bination of small time delay and low 
ripple component of output. 

This model is designed for demodu- 


lating 400 cps carrier signals. Input 





signal range is from 0.025 to 15 volts 
rms. Output ripple is less than 10 my 
and output impedance is 700 ohms 

Model I[C-101 is approximately 5 in 
x 3 in. x 2 in. and weighs 15 oz. The 
PSD is mounted with “airloc” fasten- 
ers to a mating blue ribbon connector 
whi h Is supplied. 

Applications include recording in- 
strumentation, servo detection, null 
indication and digiting. Emerson Elec- 
tric Mfg. Co., Electronics and Avionics 
Div.. 8100 W. Florisant Ave., St. Louis 
21, Mo 
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SECTIONAL TERMINAL 
BLOCK 


Medium duty pres-SUREI 
blocks can be assembled on the job 


sectional 


without fastening hardware, or can be 
factory pre-assembled to required spec- 
ifications. These blocks speed on-the- 
job assembly to any number of circuits, 
with choice of contacts and mounting 
methods. Tubular contacts for stripped 
wires or combinations of two or more 
wires are available with screw contact 
for 418 thru #8, or clamp contact for 


+22 thru +10 wire. Strap screw con- 







tacts for terminal-ended or looped wires 
accommodate any 6 In. or narrower 
ring or spade terminal for #6 or larger 


FLECTRICAL MANUFACTURING 





DESIGN ACHIEVEMENTS WITH SUPRAMICA\’ ceramop 


OPTICALLY FLAT CAPACITY COMMUTATOR 
PLATE|SUPRAMICA 500 


RADIATION RESISTANT AIRCRAFT ENGINE 
CONNECTOR|SUPRAMICA 555 


| 


HIGH-TEMPERATURE AIRCRAFT TERMINAL 
BLOCK |SUPRAMICA S560 


HIGH TEMPERATURE FIREWALL 
THERMOCOUPLE|SUPRAMICA 555 


HIGH-TEMPERATURE A-N CONNECTOR 
SUPRAMICA S60 


ORGANIC VAPOR FREE HIGH TEMPERATURE 
SEALED RELAY |SUPRAMICA S55 


EAA a a Se AMBRE RE RT TS EN NE 


HIGH TEMPERATURE ceramoplastic INSULATION 


SUPRAMICA ceramoplastics provide broader 
design scope for product engineers 


Increased thermal endurance . . . total, permanent dimen- 
sional stability . . . better electrical properties .. . lower 
density and improved machineability of SUPRAMICA 
ceramoplastics bridge the design gap between organic 
plastics and conventional ceramics. The world’s most 
nearly perfect insulation, SUPRAMICA ceramoplastics 
allow product engineers to meet the requirements of 
today’s thermal problems. 

There is no possibility of shrinkage, growth or age poly- 
merization since the materials are completely inorganic, 
made with SYNTHAMICA* synthetic mica. Metal inserts 


molded in SUPRAMICA ceramoplastics cannot loosen dur- 
ing thermal cycling because coefficients of expansion are 


closely matched. Other desirable properties are high di- 
electric strength, radiation and arc resistance, low elec- 
trical loss, resistance to moisture, oil and organic solvents. 
In thousands of military and critical industrial applica- 
tions, SUPRAMICA ceramoplastics are contributing to 
better, safer, more reliable operation of electrical and 
electronic equipment. 

Write for complete technical information. 

SUPRAMICA* 560 — for temperatures over 500°C (932°F) 
SUPRAMICA* 555 — for temperatures up to 650°F 
SUPRAMICA* 500 — sheet and rod material for machining 


*SUPRAMICA iis a registered trademark of Mycalex Corporation 
of America. 560 and 555 and 500 are trademarks of Mycalex Corporation 
of America. 


SYNTHAMICA is a trademark of Synthetic Mica Company, a division of 
Mycalex Corporation of America 


Nase 
MY CALE X @ 
CORPORATION OF AMERICA 


EXECUTIVE OFFICES 
30 ROCKEFELLER PLAZA 
NEW YORK 20, NEW YORK 


” 


GENERAL OFFICES AND PLANT 
CLIFTON, NEW JERSEY CHICAGO - LOS ANGELES - DAYTON 


SALES OFFICES 


WASHINGTON - MIAMI 


WORLD'S LARGEST MANUFACTURER OF GLASS-BONDED MICA AND CERAMOPLASTIC PRODUCTS. 
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DURAKOOL 
Tilt Switches 


are the Life of your 
Automatic Controls 








stud. All contacts feature electrolytic 





copper, heavy plating. positive wire 
stops and secure attachment to mold 

Th teel-clad Durakool ings. Contacts are in. centers 
mercury tilt switch has These blocks can be anchored at any 
unique construction fea desired location without loss of space 
tures that deliver vears or disruption of circuit spacing continu 
Se Re f itv--and can be extended in length 
ance on the most diff cult without removing any mounting screws 
Sarma ou can find. Rated at 750 volts. the blocks will 
Operating under sealed- withstand voltages greatly in access of 
se pressurized hydroaen AIEE requirements. Block sections are 

aas. it takes 24 hours fast "Sy in. high by 11, in. wide 

cyclina schedules stride Flat base blocks permit direct mount 
See telephone directory for local distributor, or write. 7 sizes. 1 to 65 amperes. ing: dovetail base blocks for channel 
DURAKOOL, INC. Send for Bulletin 525. mounting. Special non-conducting sol- 
ELKHART, INDIANA, U.S.A. vent resistant “x. in. wide and painted 


700 WESTON RD., TORONTO 9, CANADA marking strips are suitable for opera- 


tion to 200 F and permit circuits to be 


ALL=- Beaae identified directly on the block. Mark 


ings can be removed and replaced with 
pe out damage. Buchanan Electrical Prod 
ucts Corp 225 Route 22, Hillside, N. J 
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saline . rheencet ; POWER TRIODE 





[ype 5736 power triode isa three-« le 


WMA LUN ee OLA | trode tube with a plate dissipation o 


3 kw designed for use as a modulator 
ice amplifier, or oscillator in AM, FM, and 
MOTORS g WN ver 


[V broadcasting. high-frequency com 
ASHLAND is your one 
source for precision 
engineered and preci- 
. sion-made custom- 
crafted Synchronous 
© Torque, Induction o 
© — Gear Motors; Centrifugal 
© Blowers and Axial Fans. 
@ Ashland’s quality-controlled 
e rotating electrical components 
e@ are compact, rugged and designed 
e for the utmost efficiency and long 
e life under specified conditions. Both standard and custom- 
3 
7 
© 
© 
a 
+ 
oe 











munications systems and induction and 
dielectric heating equipment. 

The triode features precise and stable 
alignment of electrodes and brazed 
radiator construction. It is especially 
suited to cathode-drive operation due to 
its 4-grid terminal construction. which 
provides a low-inductance connection to 
the grid. 

Maximum ratings of 5000 volts d-« 
plate voltage and 7.0 kw plate input 


ASE2QC-1C 


F86RBU-1 









designed models are available to order for critical commercial 
or military applications 

One of the nation’s leading suppliers of Synchronous Motors 
to the Recorder, Electronics and Instrumentation industries, 
Ashland is well qualified and equipped to satisfy your most 
precise specifications and delivery requirements 


WRITE FOR ASHLAND’S NEW CATALOG EM 28-83 TODAY! 


ASHLAND 


ELECTRIC PRODUCTS, INC. 
cya ya 220 
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‘“‘Work backward’’—a new design approach that’s bringing 
the advantages of General Electric permanent magnets 


to fields traditionally reserved for electromagnets 


A new approach to the design of 
motors, generators, relays, and simi- 
lar products is making it possible 
to produce smaller, more efficient 
and economical units by using per- 
manent magnets, instead of electro- 
magnets. 

The new approach is simply to 
“work backward.” That is, design 
the most efficient magnet assembly 
first, and then the rest of the 
component. 

In the past, where designers tried 
to replace electromagnets in these 
products, permanent magnets often 
proved uneconomical. Here’s why: 

The traditional approach was to 
work the permanent magnet into an 
existing design for a wire-wound 
field, to save the cost of new dies and 
other major manufacturing changes 

Under these conditions, permanent 
magnets will seldom show to best 
advantage. But, by using the “work 
backward” approach, many outstand- 
ing results can be obtained. 


FIGURE 1 —G-E Alnico 5 magnet helps 
2-pole motor develop 1/150 hp at 
10,000 to 15,000 rpm. 


For example, permanent magnets 
had been limited to fractional-hp 
applications, such as the 1/150-hp 
toy-locomotive motor in Figure 1. 

But today, through imaginative 
design and more efficient alloys, 
permanent magnets are now used 
for rotors and stators in much larger 
equipment. 

The DC tachometer generator in 
Figure 2, for example, uses a 2-lb. 
G-E Alnico 6 stator. 

The permanent magnet provides 
greater reliability and accuracy than 
copper windings, over wide ambient 
temperatures. It eliminates an ex- 
ternal power source and field regu- 
lating equipment. And, there is no 
replacement problem since the mag- 
net — unlike wire — never burns out. 

These are some of the advantages 
that can be realized from early con- 
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New trends and developments 
im designing electrical products... 









FIGURE 2— 46-frame DC tachometer 
generator with Alnico 6 stator. 


sideration of the permanent magnet 
in design 

Alone, these can more than justify 
the cost of redesigning equipment 
to eliminate wound fields. Yet, there 
are other 


from the 








advantages that re: 

magnet’s ability to supply 

a constant field without external 

excitation, including: 

@ Elimination of field interruptions 
due to power failure 

@ Elimination of heat and need for 
costly cooling equipment and in- 
sulation —thus conserving valu- 
able weight and space. 

@ Elimination of danger from faulty 
wiring or damaged insulation. 


These are important advantages 
where equipment must be reliable 
despite severe environmental condi- 
tions. But equally important to the 
designer is the permanent magnet’s 
superior volumetric efficiency. A G-E 
Alnico magnet can usually supply 
a given magnetic field in a fraction 
of the space needed by even the best 
designed electromagnet. 


FIGURE 3 —TV-tube focusing magnets. 








Figure 3 gives some idea of t 
savings in space and weight a de- 


: — 
signer can eftect. 





} 1 " ~ —- - 
The electromagnet weighs 2 lbs., 


and takes up 16.35 cubic inches. The 








G-E o 5 permanent magnet 
weigh t 15 ounces, and requires 
only cubic inches—a_ space- 
Sa 37 








In addition to the problem of eco- 
nomics, two other traditional objec- 
tions to permanent magnets have 


i 


al 1 largelv elimin: 1: 
also been largely eilminated: 
were re] 


perman 


permanent magnets 


y unstable. But modern 


magnet materials from 


improved manufacturing techniques 














are ‘permanent even 
under temperature and humidity 
conditions ruinous to electromagnets 

Second, applications requiring ‘“‘on- 
olf held action seemed outside the 


capabilities of permanent magnets. 
But modern design techniques have 
developed practical ways to handle 
this by shunting flux around the 


alr gap 


With the new high-energy alloys 
and the development of more scien- 
tific design methods, the future for 
permanent magnets—and the oppor- 
ity for designers—is virtually 
unlimited. 





For example, a recent use of the 
“work backward” approach has, for 
the first time, made it possible to 
use powerful Alnico magnets to 
supply uniform fields in equipment 
like traveling wave tubes. 

General Electric Magnet Engi- 
neers have accumulated a wealth of 
information on the problems of re- 
designing for permanent magnets. 
They will share their knowledge 
with you at any stage of the magnet 
design project. 


For more information, or the serv- 
ices of a G-E Magnet Engineer, 
write: Magnetic Materials Section 
of General Electric Company, 7804 
N. Neff Ave., Edmore, Michigan. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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MUM... 


MMELUMIE DELUERY 
LW LEEK OLY 
SIMUUS/ 


The following popular models of LEDEX Rotary Solenoids 
will be shipped the same day or the day after receipt of 





order . . . in quantities up to 9 of each model. 


MODEL 
NUMBER 


MODELS AVAILABLE WITH... 





POUND INCHES 
34 
Three tapped holes in 


armature plate and scroll 
type return spring... or 





shaft extension arma- 
( ture end, dust cover and 
scroll type return spring 


. . or shaft extension 
base end, dust cover and 
scroll type return spring 





28 D.C. OR 115 A.C. RECTIFIED 


WRITE FOR BULLETIN 10-57-S 


contains complete engineering 
data on all models available 
for immediate delivery 





123 WEBSTER STREET, DAYTON, OHIO 


IN CANADA: Marsland Engineering Lid., Kitchener, Ontario 
IN EUROPE: NSF Lid., 31-32 Alfred Place, London, England 
NSF, GmbH, Further Strasse 1010, Nurnberg, Germany 
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apply at frequencies up to 60 me: 
operation at 100 me is possible with 
plate voltage and input reduced to 80 
per cent of maximum ratings. Central 
Electronic Manufacturers, Inc.. Den 


ville. N. J. 
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D-C TORQUE MOTOR 
I ine of d-« 


designed specifically for direct mount- 


torque motors have been 
ing and are used in many servo sys 
tems such as stabilized platforms, where 
direct drive is needed and where size 
weight. power requirements and re 
sponse time must be minimized. 


These motors feature high angular 





utilizing direct drive 
The high peak 
torque per unit volume, minimum con- 
trol and total power input, rapid elec- 
trical 
taking maximum advantage of the prop- 
erties of d-c control power and _ per- 
manent magnet fields. 

They are available in sizes from 0.05 
ft.-lb to 500 ft.-lb. 
eters from 1.9 in. to 30 in. and overall 
length from 0.500 in. to 6.2 in. Wind- 
ing impedance levels can be achieved 
over a wide range, limited only by 
practical wire sizes. Matching rotary 
amplifiers are also furnished to drive 
these motors. Inland Motor Corp.. 23 
West Washington Ave., Pearl River, 
he a 
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acceleration by 
(4.000 rad. per sec. =). 


response are accomplished by 


Basic outside diam- 


INSTANT REVERSING 
MOTORS 


The Inst-O-Verse motor is a conven- 
tional capacitor start—induction run 
motor designed with the “inst-o-verse 
action” which instantly utilizes full 
torque capacity of the moter fer in- 
stant reversing. 

The “inst-o-verse action” is equipped 
with a mechanism unlike conventional 
reversing mechanisms and has _ these 
features: positive action—reversing is 
instantaneous because the mechanism 
is automatically preset by shaft rota- 
tion, eliminating normal delay in ac- 
tion due to use of a relay or time for 
motor to reduce speed when depend- 
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One big feature distinguishes 
all these INTERNALS -— the 
famous G.S. precision that 
gives you better production 


It’s costly—in terms of machine time, man hours, overhead and cus- 
tomer dissatisfaction—to compromise on quality in Small Gearing 
for critical applications. You have no such worries when you order 
your Small Gears from G.S.—specialized equipment, specialized 
techniques and specialized, long-time experience assure properly 
designed, accurately cut Gears, produced to an unmatched standard 
of uniform accuracy. That means your production isn’t slowed by 
rejects or imperfections—your product 
will operate smoothly and efficiently in 
the hands of your customers. 


G.S. Internals like those illustrated 
above, for example, are cut to exacting 
specifications for such applications as 


5 ; ‘ 2 SEND FOR G.S. technical data, free! 
air operated hoists, floor machines, radio 


See where and how we mass-manufac- 
equipment, navigating instruments and ture Small Gearing to uniformly fine 
tolerances. Folder contains 23 pictures 
of Small Gears, plant view, as well as 
Diametral and Circular Pitch Tables. 
G.S. in your picture! Ask for your copy on company stationery. 


many other uses. If you use Internals— 
or any other type of Small Gearing—get 


eC LE LS 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS 


emma | 7 Years of fuccinlising in hnall Gearing! 
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mor, SMon, Furiner sirasse Via, Nurnberg, Vermany 


Circle 232 on page 17 





























Kurz-Kasch important 
development; the ability to mold epoxy 
parts—in intricate shapes, with in- 


announces an 


serts—in large production quantities, 
with molding cycles and economy com- 
parable to conventional thermosetting 
materials. 





The material is molded by techniques 
developed by Kurz-Kasch from resinous 
materials supplied by Booty Resineers 
Inc., Newark, Ohio. 


It is no longer necessary to limit your- 
self to casting procedures to get the 
benefits of epoxy. Molding cycles are 
relatively fast; production costs are 
therefore low. Tooling costs are com- 
parable to other high-pressure plastics. 


These parts have exceptional toughness, 
ability to hold inserts, resistance to 
moisture and most chemicals, and ex- 
cellent insulating properties. Call your 
nearby Kurz-Kasch representative for 
quotes on parts molded of this material 
to your specs. Kurz-Kasch, Inc., 1415 
South Broadway, Dayton 1, Ohio. 


-kurz-kasch 


New York, Mt. Vernon, Mo 4-4866; Rochester, Ludlow 6-0082; Beverly, Mass., Walker 2-0065; Atlanta, Cedar 
7-5516; Chicago, Gladstone 6-8837; Detroit, Jordan 6-0743; Philadelphia, Hilltop 6-6472; Dallas, Lakeside 6-5233; 
Pasadeno, Ryan 1-6774; Minneapolis, Walnut 6-2749; St. Louis, Parkview 5-9577; Toronto, Oliver 7986 
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motor to reduce speed when depend- 
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ing on centrifugal switch action; the 
mechanism is enclosed in an insulating 
the 
entrance of foreign particles. 


plastic case, protecting unit from 
Positive 
present contacting motion is provided 
ot 


to a special machined surface on the 


by use low friction nylon shoes fit 
shaft. The inst-o-verse switch is not re- 
to 


therefore. 


interrupt a circuit, and 


to 


quired 
contact 
life. 

The motor consists of an electrolytic 


not subject arc- 


ing, which assures longer 


starting capacitor, centrifugal switch, 


overload protector and two windings 


like conventional capacitor start—in- 
duction run motor, except that two 
equal windings are used in conjunc- 
tion with the inst-o-verse mechanism. 


The control switch can be integral to 
motor remote from motor. Franklin 
Electric Co., Inc., 116 E. Washington 
Bluffton, Ind. 
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Circle 


HIGH POWER X-BAND 
DUPLEXER TUBE 


Designated MA-306B, this 500 kilowatt 
dual TR tube (bandpass) is intended 
for use with short-slot hybrid couplers. 
The tube was developed to satisty a 
need for improved duplexer reliablity 


and longer operating life at high in- 


cident peak and average powers in 
X-band pulsed radars. Special design 
features have been incorporated to 


sharply reduce are loss. Input and out- 
put flanges mate with hybrid couplers 


in RG-51/U and RG-52/U waveguide. 

Electrical characteristics are: aver- 
age power rating—500 watts; VSWR 
8490 to 9578 mc—1.2 max; duplexer 
loss at 8490, 9578 mce—1.2 db max, at 
Y9OO0O m« 1.1 db max: flat leakage 
power—l10 mw: spike leakage energy 
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Issue No. 7 Bartlett, Illinois (Chicago Suburb) Automation Edition 


Now... New Developments in Set Screw Automation 
Create Greater Opportunities to CUT COSTS! 


NEW 2 meth is of feeding, ver- 

NEW Photoelectric cell conto 

| NEW | Micr pin h control of 

| NEW | cA jjustable work table that 
‘ imm a 











inates individual, high-cost 
xtures for each type of work! 





| Here’s why the Setko System of feeding 

| and orienting Headless Set Screws is 
really “catching on” with manufacturers 

| from coast to coast: 

1. Requires only 1/5th to 1/10th the 

time required for former methods 

2. Automatically rejects misfits 

| 3. Eliminates cross-threading, floor 
loss 

. Cuts set screw inventory 


. Takes up less floor space 


4 

5 
Setko System Includes Both Special Automatic Se os eee 
Feeding Mechanisms and Specially-Designed a ene 

Headless Set Screws for Hopper Feeding 8. Makes possible faster deliveries 
: Here’s What Users Say... 
iia in ig Be “Hopper Feeding saved us $42,000 
ie a >. in first year.” 

The left hand photo above shows > “s > “Our production rate went from 


the Setko System used in a verti- ‘ wa te) < 300 to 2000 per hour.” 
cal feeding operation t i Se ; ; “Our floor loss went from 30% to0.” 


at upper right is the horiz l ‘ EL J 

fend Uadwnciad Model. The ad- — 4 g FREE DEMONSTRATION 
justable work table (in circle) VN A / = eh ne 
Sree. eee rae Wj Quickest way to get complete under- 
eliminates need tor separate nx- : 











: 
1 InNaing ot th Serko Sucten c can ! 
tures for each type of work \ standing of the SetKke ystem 1S to see it 








This model can also be com- ai You're welcome to visit the factory for 
pletely automated to include a free or ask for the 
automatic driving. Setko Systems a ; bn ninute. 16mm 
provide h f ng of head From a vibrating hopper, this roller device ss are ere 
yrovide hopper feeding of heaa- Nn ' olor movie on m Jeraile 
Crees ' , automatically positions Headless Set Screws color movie on < tem. For details 
less set screws as small as #2 “are * 
(086 x "1 ide-up. Available tor either vertical and free c g 21, containing 
PSO ) 12 . . s 1 
a ; r horizontal applications with drill presses, complete data on the Setko Hopper- 
hr io > eX > S c 1 - 
Through use of new Setko Sys vertical tapping machines, rotary machines, Fed* Headless Set Screw System, mail 
ms—employing the exclusiv ' : se PACICSS OSE OLICW CYSTS, 
tem employing the exclu € etc. Shown is the photoelectric cell C ¢ aoe ae p- . 
| t y) 1 npoer “ped ' UOUPVUiim Ul Wiit’ 2h,0Ql 
a, Automatic Hy pper-Feed ontrols the flow of screws into feed tube pa a 1488-RR 
ing nit and specia -designed as * 4 “a 
Hopper-Fed Headless Set Screws , | ser SCREW & MFG. Co. 
—you can automate many - 


112 Main St., Bartlett, Il. 


NAME 


| 
| 


types of machines and equip- = 
ment with immediate, substan- 
tial savings in each operation 
AVAILABLE IN 3 DIFFERENT . 
TYPES OF SET SCREWS 


SLOTTED SLABBED 
SET SCREWS SET SCREWS 


VIII YY 





i t ew Setk 


COMPANY 


Esissnennenersenanecunentemeunseieenneieetl 
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Pasadena, Ryon 1-0/74; Minneapolis, Walnur O-4/87; 31. BOUT — =. 
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V.1 erg; arc loss—0.6 db at 40 kw 
peak power; recovery time—7.0 psec 
at 500 kw peak power; life—500 
hours at rated power. 

Mechanical characteristics are: over- 
all length—1.555 in.: maximum height 
from center line of waveguide to keep 
alive cap—I*%, in.: flange thickness 
113; in. min. Microwave 


Mass. 
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Associates, Inc., 
turlington, 


SPEED VARIATOR 


Designed for minimum 


Speed Variators are 


maintenance, 
available in rat- 
ings of 3 through 150 hp and in speed 


ranges of 8 to 1 and higher. 


Speed variators are designed for use 


on continuous processing 


lines, calen- 


der drives. machine tools, paper proc- 


essing machinery or wherever adjust- 


able speed for fine control is needed. 





PROOF 





that you can i ry ie 

RELY on Gi 

cn. 4 ddl On U7. . : aly 

Riitintin’ iO, deters s pid An Amplistat regulator with silicon 


rectifiers is standard on the line. The 
1/40 H. P. to 1/1100 H. P. 





A-3-CW 2 . : ‘ 
A-3-CCW Cee ae ae ye” 1%" terminal boards. General Electric Co., 
A Ww Circle No. 577, Reader Inquiry Service Cards 


wo as 
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A-7-CW 
A-7-CCW 


Meet an all-around performance 
champion. GI’s husky, versatile 
Model “A” motor. Proved de- 
pendable millions of times over, 
it’s the power choice of the na- 
tion’s great-name manufacturers 
... Setting an amazing perform- 
ance record in countless applica- 
tions from phonographs to 
kitchen fans to pumps. If depend- 
ability is your aim, Model‘‘A” is 
your motor! 


MODEL‘A”'two-pole shaded pole 
motor available in various lami- 
nation thicknesses. Precision 
constructed for reliable, long 
hard usage. Perfectly balanced 
for smooth, quiet, dependable 
operation. 


Write for quantity price quotations today! 


SPECIFICATIONS 


A-8-CW 


240 


Er. <s. 









ELYRIA, OHIO 
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regulator provides smooth, timed ac- 
celeration and deceleration to preset 
speeds in addition to voltage 
tion. A_ static 
silicon rectifier has no moving parts 
and requires 


regula- 
excitation system with 


no warm-up period. 
The motor-generator set is of 2-unit, 
}-bearing design. Tri-Clad 55 a-c mo- 
tor and d-c generator are connected by 
flexible coupling for ease of service. 
Standardized power unit control de- 
vices are unit-mounted and front-con- 
nected. Recessed wiring troughs elim- 
inate wiring harness and improve ac- 
cessibility. Incoming power and con- 


trol connections are simplified — by 





Postcard return cards are provided 
on pages 17 and 19 as a con- 
venience to the reader in obtaining 


further information on 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 
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300 watt ceramic tube 
vs. 250 watt glass tube 
in high temperature furnace 





Second in a series describing the advantages of ceramics in electron tube 


Surviving Heat Extremes 
is an Eimac Ceramic Tube extra 


Ina high temperature furnace the difference betweer O a 9 
a ceran ube g De IS y evident gntly » g the 
é 
But y before é tube reached the state of g. Ihe C 2 : 
con ¢ ¢ sve } d + i+ U {ric JV p cer oo 
ess as ar 7: tron e S ar rir 
Bef the temper e reached the softe g point T 4CX A é S t one of c 
of ¢ ¢ iss envelope beg giving off gase cc >t Eir J pre 
or ilk it Cc ted the tube’ i é Their re 
Tt ube r ed interna clean far K 
c tk teninc t of gla The er d ° RS J 
E cerc tubes are stable to more n r 
60 C temper r t hic E r es compactne e 
tT e 
F f 60 C e e € C é 


Write our Application Engineering Department for a copy of the new 


explanatory booklet “Advantages of Ceramics in Electron Tubes 


EITEL-McCULLOUGH, INC. 


SAN BRUNG = GCALIFORNIA 
Ecmac First with ceramic tubes that can take it 





Products Designed and Manufactured by Eimac 
Negative Grid Tubes Vacuum Tube Accessorie 





Reflex and Amplifier Klystrons Vacuum Switches 
Ceramic Receiving Tubes Vacuum Pumps 
Includes the most extensive line of ceramic 





240 Circle 236 on page 17 








INSULATION! 


Rugged Resinite Super Heat 125 vinyl insulation sleev- 
ing far exceeds U.L. requirements. 


105°C 


@ No linear shrinkage after prolonged exposure to hot 
oil, varnish, tar and pitch 


@ Extremely tough. No cut-through by enamel wire 
loaded to 300 p.s.i. at 105°C for 30 days 


@ Superior heat-aging characteristics 

@ Non-corrosive with copper or aluminum. 

@ High dielectric strength. 1000 V/mil average, wet 
or dry 


Call your Resinite representative or write for samples 
and performance data. 


NOW! ae Exclusive Resinite “Soft-Wound” 
2 SPOOLS spools deliver sleeving full round. 


Resinite Department Tw SA LAG COMPANY Chemical Division 


Plants: Santa Barbara, Calif. * No. Andover, Mass. 


®) D . . | 
esinite “SS 
Vv 





SPECIALISTS IN VINYL SLEEVING AND TUBING FOR THE AIRCRAFT, ELECTRONICS, ELECTRICAL AND PHARMACEUTICAL FIELO® 


N 
—_ 
Ww 
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TRANSISTOR POWER SUPPLY 


The DV60-2 transistor power supply 
features ripple attenuation down to a 
maximum of 0.05 per cent at full rated 
output. The unit delivers 0-60 volts d- 
at currents up to 1000 ma, employs no 
moving parts and features isolated out- 
put. 

The a-c line operated DV60-2  em- 


ploys a continuously variable autotrans- 





former: a full-wave bridge selenium 
rectifier and a 2-section choke input 
filter in its simple circuitry. Located 
up front and easily accessible are a 
protective magnetic circuit breaker; 
a 2-position voltmeter range switch; 
a 3-position milliammeter range switch; 
easy-to-read volt and milliammeters ac- 
curate to 2 per cent; and 5-way output 
binding posts. 
The DV60-2 comes in a 10%, in. x 

7 in. x 914 in. all-metal cabinet finished 
in grey hammertone. Model Rectifier 
Corp.. 1065 Utica Ave., Brooklyn 3, 
ee 
Circle No. 578, Reader Inquiry Service Cards 
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COMBINED VOLTMETER 
AND CALIBRATOR 

Model 101 Voca makes precision dif- 
ferential d-c voltage measurements util- 
izing a standard cell reference, a 
potentiometric 5-dial decade divider, 
and a null detector system for accuracy 


ELECTRICAL MANUFACTURING 
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Ceramic Receiving Tubes 
includes the most extensive line of ceramic elec 








POWER SUPPLY 






450-1800A 
True Differential 
DC Preamplifier 


first of the new 


SANBORN 450's: 


UNIT 
PREAMPLIFIERS SPECIFICATION SUMMARY 


MODEL 450-1800A TRUE DIFFERENTIAL DC PREAMPLIFIER 
































. . 
with Integral Power Supplies Input — Impedance: 200K differentially between termi nos 
K eoch t lead to gnd ngle-ende 
Common mode reje c b; to 6 74 db 
Tl I } Ea » duce ‘ 4 ore 
These new Pre fiers— designed to drive optical aoe oe S re 
recording S € rders S scopes panel ~ x 
Output w Power Circ 
neters a er s mer y g Cc ation of Katenan tun cathode oa a 
verlor € ara cs I i and ease, flexibility —— - - ¢ 
nr te v desig j € r singie unit . 
a Zer n con e 
or ! acK m € 4 z Carrie 1 1800A Fre e e db d 
Tr Differential D¢ Vpe V ee gr » cover the vas eerry 
igh we a 
majority of put signal re re! s, with p y any type F e * “ 
trans er.(ror use with high spe¢ ical gaivanome r equencies ee y — © w = 3 ne 
above s, requiring larger current swings, a transistor output C ' v 
Freq. res nse db dow 
am fler bu to th 150-1800A d av able S optior equi Linecrit 5c 
; area Ze r e ‘i 
ment ¢ other 450's.) Later “450° Unit Preamplifiers w ide 
) i i ? i a t \ c Gain = sad 
Servo (demodulator) Monitor, DC Coupling, Logarithmic, Low Level Goin r 
and Dual-Channel DC types. As shown, any “450” can be installed or : eee Pee wie ee 
os Power Req 5 x. 50 we 
quickly interc f the four-t pn e or ina 
pe ] ase MODEL 450-1100 CARRIER PREAMPLIFIER 
t g the } isic sp¢ f ns he 450-1100 is a Carrier Carrier Freq 44 eee . 120 = ” ' 
} \ 1 | : Corrier Exc prox. 4.5-5 volts, depending ¢ d ed 
ampiiher-demo tor with zero suppression, which provides itatior 
ampiiher-Gemoduilator ppress \ I es ex¢ i Transducer imped 7 . 
for and accepts the outputs of various resistance bridge, variable Input Imped eros 
reluctance, differential transformer and other types of transducers. The Sensitivity — | v rms from transduce tout ed 
a iv v e d 
450-1800A is a low-noise, low drift, wid ( itt zain tru zs 
450-1 \ 1 I € 1-W gh gain true Giikeal — preferred: cecil ‘Gatween : sa vaio se 
differential DC amplifier. with front panel controls for smooth gain t 
Se = : , ehterndte-< a aera sie ecttunde and ‘aid 
yOSItION, and internal <¢ mv Calibration signal or turther data or 
I , ' ; P _— , . 4 Output Voltage Capabilities volt to 2.2K a d 
application information on these new self-contained Unit Preamplifiers, 6 volts into SK load 
: ( e 
tact your Sanborn Industrial Engineering Representative or write 
conta ) oT ] i ginee g St ative OTF rite Output Linearity idea sie 7 ‘ Bae 
the Industrial Division of Sanborn Company Oviput impedance ate 9 : ee a ee ee 
Freq. Response 3db at 20 fe er freq 
%& A Zero Suppression can suppress 0 tol of t ducer load [either sense 


175 Wyman St., Waltham 54, Mass. Power Req. — 115 volts, 50-400 eps, cpprox 
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CHICAGO STANDARD 


a as 







capacitors... 
inductors...and 


ENGINEERING! 





This schematic is typical of the thou- 
sands of complex filters regularly de- 
signed and built by Chicago Standard 
engineers engineers who have the 
highly specialized knowledge and experi- 
ence, in both mechanical and electrical 
design, that is essential to sood filter 
production. 


Using both toroidal and laminated in- 
ductors, they design compact, efficient 


and reliable units, with high Q and low 
loss. For 


BAND PASS 
BAND REJECT 


LOW PASS 
HIGH PASS 


FILTERS FOR ANY 
FREQUENCY RANGE 
FROM D.C, TO 
ONE MEGACYCLE 


VVUVUVUV EWU VUE UV 





0 upd 


t TOOT TTY 


1.700h 









KKKEKKKKEREEEE EERE RRR RE REE EERE EE 
VUVUUVVVN NY VVVVVUUVUUUUU UV 


and for any unusual audio network, designed to your most 
exacting specifications, your best choice is Chicago Standard. 


CHICAGO STANDARD 


TRANSFORMER CORPORATION 


3501 ADDISON STREET - CHICAGO 18, ILLINOIS 


Export Sales: Roburn Agencies, Inc., 431 Greenwich St., New York 13, N. Y. 
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of 0.05 per cent over most of the 0 to 
500 volt range. Precision rms sine wave 
a-c measurements are made from 30 
cps to 300 ke. This sine wave is con- 
verted to d-c in a peak voltage recti- 
fier circuit and read out in the null 
detector system. Accuracy is 0.06 per 
cent in the 5 to 50 volt range and 0.) 
per cent from 0.5 to 5 volts, 

D-C calibrator and reference output 
voltages from a regulated supply ref- 
erenced against the interval standard 
cell are applied to output terminals 
through the 5-dial decade divider. These 
voltages can be set in 10 wv steps trom 
0 to volt, 100 w v steps from 1 to 10 
volts, 1 mv steps from 10 to 100 volts, 
and 10 my steps trom 100 to 500 volts. 
with accuracies of 0.05 per cent over 
most of the total range. Demolab Corp 
Instrument Div., 1550 No. Highland 
Ave.. Hollywood, Calif. 
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INDICATOR MEASURES 
PRECISE VOLTAGE 
RATES-OF -CHANGE 


The Deltameter is designed for acc 
rate measurement and continuous in 
dication of rates-of-change at small and 
low values. It has an output signal rep- 
resenting millivolts per second shown 
on a calibrated meter, or may be fed 
into a recorder or a controlled system. 
The input voltages may represent pres- 
sure. temperature, pH. light intensity 
velocity, or contact potential. 





Deltameter sam 


In operation, the 


ples a voltage pulse at time 17 and 
stores it. At time T + delta T. a second 
sample is recorded and simultaneously 
compared with the first. The time i 
terval between the two samples is pre 
cisely controlled by the instrument. 
The output is dE. dt. indicated directly 
on the meter scale. Stored signal deteri 
oration is negligible even for long time 
intervals. A voltage change in the order 
of a few parts per ten thousand is well 
within the normal sensitivity. and over- 


ELECTRICAL MANUFACTURING 
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Constantin GLASS-TO-METAL SEALS ARE... 


moisture 
proot 


It looks like Sam the design engineer 
the nonchalant one in the dark 

suit) has done it again. Seems he’s 
telling Ed (his project engineer, can’t 
you tell by the scowl?) that he is all 
wet in the matter of selecting glass-to- 
meta! seals for his critical components. 


This appears to be heresy on the 
part of Sam but he certainly knows 
how to keep his (design) powder 
dry. He’s one of the thousands of 
engineers throughout industry who 
specify Constantin seals for both 
special and standard components 
because of their precision engineering, 
reliability, and their imperviousness 
to any environmental condition 

. including moisture. 


We can’t blame Sam for speaking his 
mind and we feel that sunny days 

cre ahead for his boss when he comes 
to realise Constantin Seals can 
effectively stop his design “‘fires.”’ 

lf you want to keep a cool head and 
you’re involved in the purchase of 
multi-headers, all-in-one assemblies, 
transistor mounts and covers, single 
terminals, end seals, and crystal 
mounts .. . specify Constantin first. 


“QUALITY WITH CONFIDENCE" 


VY Constanlin 4 bo, “sszzzez 


GENERAL OFFICES: ROUTE 46 | PLANTS: !87 SARGEANT AVE ROUTE 46 


6TH AND CAPITOL STS 
CLIFTON, N. J LODI. N. 3 SADDLE BROOK. N. J 


LOD!I. NEW JERSEY 
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Wind 
all 


bobbins 
quickly ... 





one 
machine 
BOESCH BOBBIN WINDER 
MODEL BW 
This dynamic little machine is 


adaptable for nearly every ran- 


dom-wound or __ precision-inter- 
leafed winding job. Variable speed 
mounts to 8000 turns per minute. 
coil sizes include from }3.” to 5 
long and to 5” OD in #17 through 
250 wire. Cost is moderate. Oper- 
is automatic. And 
tend 4 

placed side-by-side without leaving 
her seat. Model BW was designed 
fulfill 


spt cifications . 


ation just one 


operator can machines 


solely to your needs and 


. to produce the 
versatile, bobbin 


most capable 


winder possible. 


For complete information on 


Boesch BU 


357A today. 


write for Catalog 


BOESCH MANUFACTURING 
COMPANY, INCORPORATED 
DANBURY, CONNECTICUT 
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all accuracy is 2 per cent or better. 


Originally developed for checking 
precession and drift rates of gyros, the 
Deltameter has potential applications 
in installations involving atomic reac- 
tors, metallurgical processes, computers, 
chemical plants. and 
Miljan. Inec., P. O. 
Calif. 
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gyroscope testing, 
instrument 
396 


testing. 


Box Paramount, 


D-C POWER SUPPLY HAS 
SMALL SIZE AND 
LOW WEIGHT 


series YOOO “Hi Se]” d-« power sup- 
plies feature air insulation for mini 
mum weight and selenium rectifiers 
for small size. Units of the 9000 Series 
operate from a 115 volt 50-400 eps 
source and are available with maxi 


mum output ranging from 5-15 kv, 2.5 


- 





and 5 ma. Sizes vary from 734 in. h 


x 414 in. w x 3 in. d 


(weighing 6 Ib) 
to 9 in. h x 814% w x 6 in. d (weigh- 
lb). 

The power packs feature low ripple 
(0.5 
cent) and good dynamic load regula- 
tion. By 


variable autotransformer in the a-c in- 


ing only 13 


in all current ratings to 2.0 per 


employing a continuously 
put circuit, the d-c output voltage may 
be varied from zero to full rated volt- 
age. An external bleeder, supplied with 
each unit, can be used as a multiplier 
for a KV meter. Use of selenium recti- 


makes hermetic 


fiers sealing unnec- 
essary: components can be easily 
reached for servicing. Beta Electri 
Division, Sorensen & Company, Inc.. 
333 East 103 Street. New York 29. 
N.Y. 
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X-Y RECORDER 
The ER-90 X-Y 


sensitivity 


plotter. with an input 
inch. 
features a flat bed construction for full 
chart visibility and a slip-on pen plot- 
ting on standard 815 x 11 in. 


as high as 1 mv per 


paper. 

Designed around commercial grade 
components, using inexpensive shading 
coil self- 


aligning type of positioning mechanism 


type motors, and utilizing a 


to eliminate expensive machining toler- 


ances. the ER-90 X-Y recorder is useful 


(Advertisement) 


Cold Heading 
uts Costs 


Fasteners and Small Parts 
Show Big Savings 


One of the most important cost 
cutting developments in recent years 
is the increasing use of cold headed 
fasteners and small parts throughout 
industry. Parts produced by this 
process show marked savings when 
compared to the same production on 
screw machines. The most obvious 
advantage is in the economical wire 
stock used in cold heading. The more 
expensive bar stock used in the screw 
machine method results in consider- 
able waste, whereas the waste is al- 
most negligible in cold heading. 

Another important consideration 
is the greater strength structure of 
parts made by the cold heading 
method. The blow of the heading tool 
causes the grain structure of the 
metal to flow in lines of greater 
strength whereas the strong outer 
surface of the screw machine product 
has been reduced to scrap. 

The possibilities of cold heading 
are almost unlimited when used in 
conjunction with secondary opera- 
tions. The tremendous savings in 
operation and material costs make it 
a must consideration when designing 
small parts either as fasteners or as 
integral units for manufactured 
parts. It has been a long time policy 
of John Hassall, Inc. to support their 
cold heading equipment with the 
latest methods of secondary manu- 
facture. Machines for roll threading, 
slotting, drilling, tapping and many 
other operations are available for 
your profit. 

Given complete specifications, in- 
cluding a drawing and an idea of the 
application, we can quickly tell you 
whether or not it will be advanta- 
geous to have your fastener or part 
JOB-DESIGNED by HASSALL. 
The remaining important aspect of 
our service to you is the ability to 
get into production quickly and 
make prompt shipment. 

Write for a copy of our new book- 
let, “What the Designer Should 
Know about Cold Heading.” 


John Hassall, Inc. 


P. O. Box 2225 
Westbury, Long Island, N. Y. 
Manufacturers Since 1850 
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TIMERS...SPECIAL DELIVERY 


Standard or 
special — 
Industrial Timer 
makes 

rapid deliveries 
on all models 


Sometimes you need a standard 
model timer other times you 


need a special Either way 


can give you the extra rapid 
Service VOU may need because 
of the efficient way we design, 


manugacture and stock timers 





f ndustrial applications 
, 
meet all of the vid 
Va eds of our customers 
we acture a Compicte line 


of timers in the four broad clas- 


; t > sil ‘ re 
ications illustrated here 


1. TIME DELAY TIMERS 

2. INTERVAL TIMERS 

3. RE-CYCLING TIMERS 

4. RUNNING TIME METERS 


From these we have already 





< eloped QO basic types hich 
can be combined in endless 

mber Of ways . to date, 
our engineers have combined 


them into over 1000 different 
models. So what might seem to 

1 special timer requirement 
to you, will very often be a 
standard timer in our large 
stock, and that is the reason we 
have the ability to fill special 
orders so quickly. And as far 
as Standard timers are con- 
cerned we can give overnight 


service if necessary. 


So, for the utmost in all- 
round service depend on us for 
this outstanding combination: 
deliveries “Immediate on Stan- 
dards .. . First on Specials”. 


Timers that Control 


the Pulse Beat of Industry 


ime Delay 


Running Time 


Re-€ycting | 





TIMER? | 


Speed up your 
automatic 

control projects — 
profit by our 
timing application 
experience 


No need to let timing problems 
delay you in your automatic 
control projects when you can 
place them with us and get 
ster solutions. Even though 

¥O automatic control jobs 

ver exactly alike, and even 


he timer requirements 





eac S ve aiflerer 
llent 
c.¢ slishec an excelent 
record in he ping Out in these 
ons 
. 


20 years of experience in an- 
ring complex timer applica- 


rovided us with the 


knowledge required to 
rive Our Customers the right an- 
er in near-record time 
Our large stock of standard 
ombination timers enables 
is very often to fill orders for 
these requirements without any 
ne loss because we have al- 
developed so many new 
combinations specifically for 
tomatic control functions 
Extra special automatic con- 
rol timer this calls for 
original designing. Our engi- 
neers will go right to work and 
get the job done. That’s the way 
we grow and we like it 
Whatever your control prob- 


lem, you have everything to 


gain by submitting it to our 

mer specialists. They'll come 

up with the answer — almost 
4 


vith the speed of automatic 


control itself. 


INDUSTRIAL TIMER CORPORATION 


1411 McCARTER HIGHWAY, NEWARK 4, N. J. 
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for many industrial applications. The 
limit of error is 0.75 per cent with 
linearity and dead zone better than 0.5 
per cent. Responding to a step input 
with no overshoot, the recorder will plot 
signals up to 5 eps with deflections as 
large as ln in The sle wing speed 

7 ips. 

\ standard chopper and potention 
eter rebalance circuit is employed for 
each axis with separate power supply 
transformers to provide electrical isola 
tion between the two axes 

Typical uses include — stress-strain 
plots. motor torque-speed curves. BH 
recordings, and use of the plotter as a 
computer element. Mandrel Industries 
Inc.. 5134 Glenmont Drive, P. O. 13243 
Houston, Texas. 
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PRINTED CIRCUIT 
SCRUBBER 





Scrubbing machine is specially de 
signed for use in the various cleaning 
operations required prior to and dur 
ing the prod ition of printed eiré 
This unit removes all traces of grease 
oxidation, ind other contaminants 
from the = Iriace ol ‘ pper clad lar 
inates. It imparts a satiny finish tl 
assures an even coat of resist 
f-094 [OS cleans all residue from the flat  plate- 
Whether your problem is outer iy a after each stage of production. 
or inner space, exclusive, pat- \ pumice and water solution 


ented*, Electro Tee miniature 


pumped onto the flat sheets as the 





. . ° | t t y | 
slip rings give you the assur- i are conveyed through the machine } 
sgt pee r-156—— 1-196 fe — 1724 means of rubber covered feed rolls 
ance of ultra-precision and ab- : ne airy : 
. . : oO ¢ arick ) shes sumiuce-scerub 
solute tolerance in the smallest diameter slip ring available. ee Re poem 


Electro Tec Miniatures are produced by a special manufacturing 
technique that results in accuracy unattainable in so-called 
“conventional” fabricating or molding methods. 


What’s more, they give you higher mechanical strength with an 
absolute minimum of torque friction-—-at lower cost! 


There is an Electro Tec engineer near you. He will be glad to visit 
you and help on your design problems. *Pat. No. 2,696,570 


Write for fully tilustrated literature. 


FLECTRO TEC COR P. Products of Precision { 


Craftsmanship 





P.O. Box 37F, SOUTH HACKENSACK, N. J. 
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BENTLEY, HARRIS MANUFACTURING Co. 
Bar lay street 


CONSHOHOCKEN 4; PA TELEPHON TAYLOR 8-0634 


BENTLEY, HARRIS uf 





SLEEVINGS 


BH Non-Fraying glass fibe ¢ e made by exclusive Bentley, 


Harris fj € S. Pat. N 26472 and 2647299) 
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These Nickel alloy experts 


CAN HELP YOU PRODUCE 
A BETTER PRODUCT 


Proper selection and use of the Nickel alloys is an exciting challenge 
to the skills of Riverside-Alloy’s technical service people. And the 
sum of these skills is available to you—at any time—simply by 
picking up the telephone. 


Riverside-Alloy engineers will work closely with you in choosing 
the Nickel alloy best suited for your product, analyzing not only 
the application, but the fabrication problems, as well. Only then 
will they recommend a Riverside-Alloy Nickel with the precise 
properties of temper and toughness, of fatigue and corrosion resistance 
you require. And they'll supply it in the form you need, too, from 
a complete variety of strips, wires and rods. 


-_ 


‘ { i 
qn For 


ae nop SeRir 
2 Alloy |! 21 alloys, write on your letter- 

8 head to ALLOY METAL WIRE WORKS, 
oe RIVERSIDE-ALLOY METAL DIVISION, 
c H K PORTER COMPANY, INC., 


RIVERSIDE,..N..J; 


1 handbook of Riverside- 
wi 


Ii. K. PORTER COMPANY. INC. 


RIVERSIDE-ALLOY METAL DIVISION 
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one side of the copper laminates, while 
a third brushing station scrub rinses 
both sides at a variable rate from 3 
feet to 9 fpm. The maximum width 
capacity is 24 in. and the minimum 
length of panel which can be con- 
veyed through is 12 in. Brushes may 
be adjusted to process flat sheets from 
0.025 to 0.250. The Fuller Brush Co., 
Machine Div.. Hartford 15, Conn. 
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STANDARD FREQUENCY 
SIGNAL GENERATOR 


Type 209 consists of a tuning fork 
oscillator with negative feedback for 
amplitude stabilization: a twin-] 
filter with a cascode amplifier for 
elimination of harmonic distortion: an 
output cathode follower: a resistive 
ittenuator with 2500 ohms impedance: 


an output meter circuit to indicate the 


signal voltage at the output terminals: 
and a regulated power supply 

In conjunction with a power 
plifier, such as the manufacturer's 
[ype 230. this instrument can be used 
as a precision trequency power source 
for testing servo components, such as 
resolvers. motors. and transformers 

The standard frequency is 400 eps; 
other frequencies can be supplied 
Output voltage range is 0 to 10 volts 
continuously variable. An output meter 
is supplied for direct indication of 
signal voltage at output terminal or 
panel meter in rms value. with an a 
curacy ot 3 per cent. Output imped- 
ance is 2500 ohms. Distortion is less 
than 0.5 per cent. Advance Electronics 
Lab.. Inc.. 249-259 Terhume Ave., Pas 
saic, N. J. 
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MACHINE VIEWS, ENLARGES, 
DEVELOPS MICROFILM 


The Micromatic is a fully automati 
viewer-enlarger-processor, which pro 
duces 18 in. x 24 in. working prints 
from unitized microfilm. A single push 
button control activates the Micro- 
matic. which automatically delivers 
stabilized high quality prints to the 
operator in less than a minute 

[his combination microfilm reader, 
enlarger. and developer. selectively re 


produces a paper print from the micro- 


MANLFACIT 





Here at Fasco, we have the happy faculty of being 
able to mass produce quality fractional H.P. 
Motors and make them available at prices which 
permit you to maintain a strong competitive posi- 
tion, thanks to years of specialization in this field 
with just the right combination of engineering skill 
and manufacturing know-how. 


As a matter of fact, some say that we make our 
motors too good. If that is the case, then millions 
of people who have bought fans, air-conditioners, 
refrigerators, space heaters, projectors, tape re- 
corders and scores of other appliances and equip- 
ment powered by Fasco Morors are mighty glad 
that we do! 

Yes, it’s true... Fasco Motors are built better 
to last longer! Service records prove that in scores 
of varied applications these motors have given five, 
ten, and even more years of dependable, trouble- 
free service. Which proves our point... it doesn’t 
pay to compromise on quality—if quality is what 
you want 

So if you are the manufacturer of a quality prod- 
uct where a fractional H.P. Motor is involved, then 


" 3 ; : Composite view of the three Fasco Plants located 
it will pay you to investigate Fasco ... and go 


in Rochester, N. Y. and in Fayetteville, N. C. 
quality all the way! You can be sure that Fasco’s 


reputation for dependable, trouble-free service will 
back the wisdom of your choice. 
Chances are, you'll find just the right motor here 
at Fasco. If not, then we will build one to meet This catalog contains complete information 
your exact specifications ... at no extra cost. on FASCO Motors rated from 1/500 to 1/4 
’ H.P.—also Centrifugal Blowers with air 
output ratings from 15 to 320 C.F.M. 


AS Cc Oo INDUSTRIES, INC., siesta 2, N.Y. 


Tel: HAmiiton 6-1800 


a 


FRACTIONAL H.P. 


M OTTO ir’ , East North Central 1645 Harold Drive North Central 5306 W. Lawrence Ave. West Coast P. 0. Box 305 
Dayton 6, Ohio CRestview 4-9514 Chicago 30, Ill. Kildare 5-0556 LaHabra, Calif. OWen 7-3815 
Mid Central 1110 S. Brentwood Bivd. South Central 4924 Greenville Ave Home Office 255 .N. Union St. 


BRANCH. .ENGELNEERING OFFICES 


St. Louis 17, Mo. PArkview 1-0866 Dallas 6, Texas EMerson 8-2603 Rochester 2, N. Y. HA6-1800 
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Combination Starters—a single mounting plate con- 
taining magnetic starter and disconnect for econom- 
ical installation. Combination unit is used for all types 
of enclosures as well as an open unit for panel mount- 
ing. All Furnas Combination Starter enclosures feature 
external mounting feet for simplicity and accessibility. 





elitelleenetiiin tenet hemaaianaiontamnr ad 


' i Only Furnas provides a choice of 10 starters 
i through Size 4, instead of the usual 5, to 

i match the applications from | hp to 100 hp. 
All are UL listed. Exclusive ‘In-between" 
sizes give additional cost and space ad- 
vantages. 








Push Buttons for every need—Standard, Heavy-duty and 
Oil Tight. Choice of either front or back mounting. 
Furnas standardization and interchangeability mean more 
variations with fewer parts. Complete accessory line. 





Drum Pressure Limit Foot 
Controllers Switches Switches Switches 
For full information write for Catalog 5800, A38 


7 | 4 
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FURNAS 








1024 McKee St., Batavia, Illinois 


FURNAS ELECTRIC COMPANY 


BATAVIA, ILLINOIS. 
SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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film image on Actifilm, Ozacard, or 
aperture card up to 3-1/4 in. x 7-3/8 
in. The finished print can either be on 
standard weight paper or on translu- 
cent paper. The translucent paper may 
then be used as an intermediate for 
reproducing additional copies on stand- 
ard whiteprint equipment. 
Magnification is 20X for viewing 
and 15X for enlarging. Viewing screen 
is 24 in. x 36 in. Developer section of 
the Micromatic is removable for easy 
cleaning and replenishing of developer. 
The 500 watt light source is blower- 
cooled for film protection. Complete 
unit weighs 700 lb, is 65 in. high, 40 
in. wide, and 42 in. deep. The machine 
operates on 110 volts a-c, 60 cycles. 
Ozalid Div.. General Aniline and Film 
Corp.. 11 Corliss Lane, Johnson City, 


N. 2. 
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REGULATED POWER SUPPLY 


Model 6030 is a regulated power sup- 
ply offering voltage from 0-600 volts 
d-c at currents from 0-300 ma d-c at 
any voltage setting. Advanced circuitry 
insures rapid transient response with 
recovery times less than 50 psec. The 
output will change less than 100° my 
for a load change from 0-300 ma d- 
or from a line change from 105-125 
volts. Output ripple is less than 3 mv. 

In addition to the main voltage 
range, there is a bias supply delivering 
0-150 volts a-c at currents from 0-5 ma. 
A fixed negative output of 300 volts 
capable of delivering 50 ma is pro- 
vided to extend the range of the in- 
strument up to 900 volts. 

\ filament supply of 6.3 volts at 10 
amp is also provided. The output volt- 
age and current are metered with 4% 
in., 2 per cent instruments. A separate 
voltmeter is provided for the bias 
voltage to facilitate laboratory meas- 
urements. 

Model 6030 features hermetically 


ELECTRICAL MANUFACTURING 





Some very vital ‘‘guts’’ in this miniature relay are resistance 
welded to the internal electrodes of the glass-to-metal her- 
metic header. If the electrodes should twist in the glass when 
the external ends are bent or crimped . . . or when the relay 


is undergoing adjustment before sealing the unit has ‘‘had it.” 


ONE MANUFACTURER of this type of relay RESULTS OF TEST WITH 


Ising alr rdainary compre ni 


n like thi FUSITE TERMINALS: 


“p , 1. No flattening of pin 
Portion of pins in glass . 


must be flatte ned to pre- 2. No movement of pin 
ent turning and break- No failure of seal 
fe 
ing seal. f a ks a 
. Only Fusite Terminals with controlled com- 
pression plus fusion can pass this test without 
the mechanical “crutch” of a flattened pin. 
With true fusion the g bites the metal and 
~~ ee the metal bites back. Only fusion can produce 
{TEN THEY TESTED the Pusite Terminal wit! 


TI 
a true dependable hermetic seal 
V-24 glass that actually interfuses w 


> following 


“unless a true bond ; SAMPLES ARE YOURS 


erists between metal and 


ee : : FOR THE ASKING: 
to make flattening un- ; WRITE DEPT. B-1 


necessary. 


fio ~/ THE FU SI q & CORPORATION 


7 ¥ 


6000 FERNVIEW AVE., CINCINNATI 13, OHIO 
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NYLON KNOW-HOW > NS 


for Cost Cutting ~ 
Precision Parts 





For those mechanical and electro-mechanical parts that must be 
strong, durable, wear resistant, design to use Chemiseal Nylon 
(du Pont ZYTEL). It has the highest compressive strength, is the 
most rigid, has the best resistance to heat, abrasion, chemicals, 


solvents, oils and greases—and is the lowest priced of the standard 
nylon compositions. 


U.S.G. Nylon service goes all the way, offering STOCK (sheets, 
tape, rod, tubing, special shapes), for manufacture of parts in your 
own plant; MACHINING (precision fabrication on high speed 


automatics) to your specifications; and INJECTION MOLDING 
(volume production to close tolerances at lowest cost). 


To be sure you are securing your parts at the lowest cost, consistent 
with your requirement at every stage from prototype to plant scale 
production—check your costs with U.S.G. “‘know-how”’. 


For prompt service, contact one of The Garlock Packing Company’s 30 
sales offices and warehouses throughout the U.S. and Canada, or write 


United States Gasket Company 
Camden 1, New Jersey 


U nited 
S\tates 


Glasket Péaitics Division of 
GARLOC HK 
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sealed capacitors and high perform- 
ance industrial tubes, as well as a 
minimum of 50 per cent derating on 
all components. Deltron, Inc., P. O. 
Box 192, Glenside, Pa. 
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INSTRUMENTATION 
RECORDER 


Model 260 presents instantaneously up 
to 8 full (11 in.) scale traces within 1 
per cent accuracy with a transient re- 
sponse of up to 3000 cps. The recorder 
traces a permanent record of electronic 
signals on electro-sensitive paper which 
requires no processing and can be re- 
produced by standard duplicating 
methods. 

Recorder accuracy is unaffected by 
line voltage variations and paper stretch 
since calibration marks are recorded 
simultaneously with input signals. Co- 
ordinate markers are generated in- 
ternally and provide 5 per cent ampli- 
tude lines and time markers at 1, 0.1, or 
0.0167 second intervals. Provisions are 
also made for external frequency stand- 
ards and additional recorder channels 
if required. 

Recording is accomplished by a com- 
bination of electronic and mechanical 
scanning. The electro-sensitive paper 
passes between a metal recording plate 
and a rotating cylinder containing a 
number of helix wound electrodes. Im- 








ELECTRICAL MANUFACTURING 


Sere 4987 OF poege ts 


OIL-IMMERSED 
, SOLENOIDS 






THEM. TESTS SHOW NO 
Nace) tad 
AFTER MILLIONS 

OF STROKES. 





/ 


Sh nid ¢ SEALED IN OIL. Each unit is sealed in its own, contamination 


proof, oil filled, die-cast housing. A convenient, plug-in base allows 
split-second replacement in case of change in power requirements. Heat 
dissipation and wear control reach a new level of efficiency in these units. 


SHOCK MOUNTED. Only DECCO can give you service-proved, 


two direction shock-mounting—a valuable bonus in the service-life of 
your solenoids. 


BETTER ENGINEERING. Minimum power loss. 30° to 50° 


cooler operation. Tremendously greater service-life. 


DECCO Solenoids are made in a complete range of types, sizes and 
G2 mountings. AC or DC. SPECIAL SOLENOIDS will be engineered on request. 


DETROIT OMPANY 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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pulses applied to the helix electrodes 

f mark a position on the paper propor- 
More safe power rom motors tionate to the analog voltage received, 
and moving from left to right, form 
the X deflection. The Y deflection 
achieved by movement of the paper. 
Consolidated Avionics Corp., 66 Brook 
lyn Ave., Westbury, L. I. N. ¥ 
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LOCKED ROTOR CURRENT 





"*en, 
en 
4 


°e 
— 


. “ 

= \ PUNCHED TAPE 

: PROGRAMMER 

: \ Punched tape programmer will control 

. - . *e 

: ‘ as many as 85 individual circuits 

NEW LOAD CURRENT . X through an almost unlimited number 

“ of steps or functions. The tape reader 
« uses a vinyl tape which makes avail- 
a able 85 individual load circuits. For 
_ each foot length of tape there are 64 

S possible steps. 





Step or position quan- 





BY CLOSING THIS GAP 


New thinking in the product design field calls for 
getting the most power out of motors... safely. It offers 


obvious competitive advantages in reduced motor size 
and lower costs. 





Several of the nation’s foremost equipment manu- 


tity is limited only by the length of 
facturers have accomplished this objective, solved some each roll of tape. 
of the toughest motor protection problems with the Silic- —— a e ar a bgp 
O-Netic Overload Relay. transmitted through the punched hole 
Here’s an overload protector that can safely re- in the tape. This circuit remains en- 
duce the gap between running and locked-rotor currents. ergized until a second pulse is trans- 
Overload protection with time delay can be set to within es a ~? - 
115% of running current; locked rotor current within ee a ae as pai 
300%. Despite these tight operating char- 


end of the cycle or in any 
as required. 


position 
acteristics, ample provision for starting in- 
rush is provided. 

And what’s more, current rating is 
stable; never changes with ambient temper- 
ature because this relay operates on the 
Heinemann hydraulic-magnetic principle. I ‘ 

Can these seemingly fantastic speci- a McCarter Highway, Newark 4, 
fications be maintained in production? Yes. "ii iin ai ica Niarcie ite 
In fact, at least one manufacturer increased his product eo 
guarantee after protecting his motor with a Heinemann 
Silic-O-Netic Relay. It’s worth your investigation .. . INSULATION TESTER 
now. Send for Bulletin 5101B. 


Industrial insulation breakdown tester 


No. 50 is designed to furnish the po- 
ELECTRIC COMPANY 


tentials required for dielectric tests 
99 Plum Street, Trenton 2, N. J. 


The programmer is self-homing and 
equipped with indicating lights for 
steps in the program, and pilot lights 
for each load circuit. Programs can be 
changed by simple insertion of a dif- 
ferent tape. Industrial Timer Corp., 








conducted under MIL-C-13294A. 
Specifications are: output is 5 kw at 
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Need Critical Diaphragms? 


C/R will design, compound and mold them 
to your exact specifications 





Simple or complex, your diaphragm problem broad range of fluids, gases and solids, including 


can be solved quickly, dependably with the help petroleum base fuels and synthetic hydraulic 
of C/R Sirvene engineers. Their specialized oils can easily be achieved 
experience gained in the solution of hundreds ; ae 
of similar problems is yours to use. They will Whether you specify critical tolerances, exact 


concentricity or flawless bonding--the 
design and compound the correct elastofhers to ity or flawless bonding--the more 


produce the exact degree of hardness, tensile reason to assign full responsibility to C/R 
strength, compression set, volume change and Sirvene engineers. They'll assure the absolute 
flexibility you require. Temperature resistance, uniformity and quality of your diaphragm 
with various materials, ranges from —100° to straight through production. Define your dia- 
500°F., and compatibility with an equally phragm problem to us and see how we can help. 


Na 7"R 
CHICAGO RAWHIDE MANUFACTURING COMPANY 
1279 ELSTON AVENUE e¢ CHICAGO 22, ILLINOIS 


Offices in 5§ principal cities. See your telephone book 


Write for your copy of the illustrated Diaphragm Bulletin SD-100. 





REST 











ant Sy Se eo ne CHICAGO 
Hamilton, Ontario. Export Sales: Geon International Corp., Great Neck, New York. 


Other C/R Products: C/R Shaft and End Face Seals © Sirvis-Conpor mechanicol 
eather cups, packings, boots « C/R Non-metallic Gears 
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The Permanent Magnets 


that are really 
PERMANENT!! 


Stackpole Ceramagnet (ceramic) permanent magnets offer maximum coercive 
force and other distinctive advantages for mechanical (holding), electro- 
mechanical, electronic, polarizing and many other applications. 


99 


eS 


JUST OFF PRESS 


Yee Me Mee ul eM Lae A ae 1 
letin RC-11A. Stackpole engineers wel- 
eT MM) sy Teli a MS) lee 
applying Ceramagnet advantages to 


your applications. 
7 AS 


SS CERAMAGNET DIVISION 


STACKPOLE CARBON COMPANY 
St. Marys, Pa. 


wee © 


& 


CERAMIC MAGNETS 
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1000 or 5000 volts rms; operates from 
220 volts rms, 60 cycle, single-phase 
line; output is 1000 volts rms at 5.0 
amp or 5000 volts rms at 1.0 amp, 
selection to be made by manual 
change-over switch mounted on _ the 
control panel; the output voltage is 
continuously adjustable from zero to 
max. by panel mounted control driv- 
ing a variable auto-transformer within 
the console; instantaneous trip type 
circuit breaker is mounted on panel 
to interrupt circuit in case of break 
down. Also serves as an on-off switch 
for unit. Two-pole type, rated to trip 
at 25 amp. 

Control panel has 2 pilot lights to 
indicate “line voltage on” and “high 
voltage on.” Voltage and current are 
simultaneously metered. An iron-vane 
type ammeter having ranges of 0-1.0 
amp and 0-5.0 amp is included in the 


| output circuit. An iron-vane type volt- 


meter with 0-1000 volts and 0-5000 
volt range is mounted on control 
panel. Industrial Transformer Corp., 


| Gouldsboro, Pa. 
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FREQUENCY METER 
FEATURES TWO DIRECT 
READING SCALES 


Model 6508 precision frequency meter 
is designed for continuous monitoring 
of the exact output frequency of 400 
cps power sources. It features two 
| scales; one for measurement of the 
frequency range of 396 to 404 cps, the 
other for measurement of frequencies 
between 360 and 400 sps. The meter 
system includes a control unit (con- 
taining the frequency sensing circuit 
and precision frequency fork oscillator) 
and an indicator. 

Calibration accuracy of 0.1 per cent 
is provided by switching tuning fork 
frequency standard of 0.1 per cent ac- 
curacy into a discriminator, which is 
adjusted to give a meter reading of 

| 400 cps. 
| Meter operation—the input signal is 


Circle 256 on page 17> 





MOST BEAUTIFUL MOTORS IN ALL THE WORLD... 


wew REULAND precision motors ror MACHINE TOOLS 


Designed especially for 
machine tool manufacturers 


Reuland precision motors were developed 
only after giving a lot of careful thought 
to the problems of the machine tool indus- 
try. They are not just another line of 
motors that can be ‘made to fit,” but 
rather, a complete new type especially 
made for machine tool manufacturers. 

They are available in T.E.N.V. and 
T.E.F.C. types. Small, compact and fea- 
turing the very latest in lightweight mate- 
rials. 

For good looks and precision operating 
characteristics, there is nothing on the 
market to equal these jewel-like units. 


Precision balance 


Reuland motors are built to precise speci- 
fications like a fine tool. Each unit is 
dynamically balanced at the factory to 
assure vibrationless operation. 


Use these other 
free Reuland Services 


® 


Heavy-duty ball bearings, located at 
each side of the rotor, assist in maintain- 
ing this characteristic which is so vital to 
precise work. Exact tolerances are like- 
wise maintained throughout final assem- 


bly. 


Low inertia rotor 


The radial air gap design of these motors 
permits the use of a lighter weight, low 
inertia rotor. This light weight, low iner- 
tia feature assures smooth starts and quick 
stops. 

This rotor is also of a special narrow 
design which has shortened up the over- 
all length of the motor to give a thinner, 
“wafer” effect. 


Smooth-finished castings 
— pleasing lines 


The smoothly finished surfaces of Reu- 
land machine tool motors are a match for 


Special-Motor Library 

Don’t ever pay for special-motor 
development costs before you 
check this free library. Contains 
valuable data on hundreds of 
unique, specially designed 
motors. Send for free “how to 
use” booklet. 


REULAND MOTOR 


ll castings are 
proc essed for smoothness and 
a baked enamel finish. 

finish, together with 
the motors’ naturally pleasing lines, assure 
a harmonious blend with the lines of 
every machine tool on which they are 
mounted. (When desired, the motor’s 
frame size can even be varied to fit an 
exact contour of the machine.) 


Other Reuland firsts! 


Motor with internal fluid coupling 


| | 
the most expensive tool. A 
specially 
are given 


This fine-quality 


7  Midiaenaaiioa hydraulic pump motor 

3. Foot-mounted disc type magnetic 
brake with self-contained bearings 
and shaft 


“Through-Shaft” magnetic disc brakes 
. Slip Ring motors in small +66 frames 
All-aluminum motor frames 


““Xpandable” motor design 


Standard Motor Catalog 


Contains engineering informa- 
tion on Reuland’s complete line 
of standard motors and motore- 
ducers. Sent free on request. 


REULAND ELECTRIC COMPANY 


Western Division: Alhambra 84, California 
Eastern Division: Howell 84, Michigan 


Distributors in all principal cities 





Replace THREE fasteners —_oween 
with ONE WASHER TYPE iviertiienteltie ioc tes 


are resonant at a cps and “450 cps 
and contain a bridge rectifier, A d- 


microammeter calibrated in frequency 
is connected across the two LC circuits 
> The bridge LC circuit is at null when 


the input frequency is 400 cps; how- 
ever, if the input frequency changes 
the unbalanced bridge will produce a 
.LO C K Ky U T d-c current proportional to the fre- 
quency. This d-c current is read di 
rectly in cycles per second on the 
Washer Type PALNUT Lock Nuts combine the indicator. Varo Mfg. Co., Inc., 2201 


Walnut St., Garland, Texas. 
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functions of a plain hex nut, lockwasher 
and flat washer in a low-cost, one-piece 
spring steel lock nut. 


Slash assembly costs—gain assembly advantages on light VERSATILE COIL WINDER 
sheet metal assemblies—parts—ornaments—moldings, etc. 0" => “ter winder places each turn 


in position in the slot, allowing nat 


| ‘> rower slots than those needed for hand 


inse on. l expensive cé s cont ol bot} 
: ae e Big Savings. Washer Type PALNUTS cose | ‘°CTUON: [nexpensive cams conly 
ey wr rv 


rotary and linear motions, and set-up 
much less than three separate fasteners—reduce 


: arts and handling—cut mb ime— d ; 

aes P ; g—cut assembly time—spee Moving parts are fully enclosed. and 
Type D. Available in a variety up production. y 
cit eenis dliadacanee there are no gears to change. 


. f a ee [The motor in the S-3 is governor- 
Ln e Fast Assembly. A single PALNUT is picked up, i lle . eee a ci. ci a 
started and tightened in one high-speed operation, 5 A aoe 
Saar exact optimum speed. Winding direc- 
using PALNUT magnetized socket wrenehes in Or ; x 
a ls. Spi Scale ith high tion is reversible without adjustment by 
Diane th einen Dentes- power tools. Spins on freely, seats wit ig 


. f liabl 1 means of a reversing switch, allowing 
3 : torque, rin ‘ w - . ; : * 
in plastisol compound seals 2 que, assu & fast, reliable power too! opera proper polarization of successive coils 
out dirt and water. tion. 


» without splices. In additive-style, count- 
, _ . : ; er records regardless of direction of 
\; “i ) e Tight Assemblies. When tightened, spring lock- ssi 

Ning Ge ing action grips the screw thread, while spring 
washer base assures resilient contact against 
assembled parts. 


problems are virtually non-existent. 


winding. and automatically stops the 
winding at a predetermined number of 
Grounding Type. Teeth in base 
cut through non-conductive 
coatings to form electrical 
ground. Available with sealer. ¢ Resilient Locking Action absorbs shock of 


tightening, permits safe assembly of fragile or 
pliant parts. 


turns. External as well as internal slots 
may be accommodated. 

Specifications are: bench space—10 
in. wide by 24 in. long; height—14 in.: 
light-weight, portable and _ self-con- 
tained; variable speed motor with full 


power at all speeds; maximum range 
e e Washer base spans holes and slots 


#24-#44; approximate winding speed, 
Spacer Type spans bosses or ane 100 rpm (dependent upon size and type 
Se Available * May be removed and re-used of wire, and weight of wound stack) ; 


positive indexing stack holder accurate- 
WRITE TODAY FOR FREE SAMPLES, stating 


types, sizes and intended application. Ask for 
our new Catalog 573-C, just published. 


Type E has flattened top for 


wse on electrical connections THE PALNUT COMPANY 


and assemblies. 66 Glen Road, Mountainside, N. 3. 


wa Th LOCK NUTS 


FASTENERS 


Quick, secure fastening at low cost 
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Vice President in charge 
of throwing money away 


It’s his job to get rid of the plant “waste.” 
J § I 


I 


And very often in the most expensive way 
possible — by literally throwing it away 


We don’t know just how much money in various forms of precious metal waste is lost 


annually by industry. Lost by dumping, by pumping or by being removed by a local 


salvage operator. 

Here, at Handy & Harman, we have actual case histories in which impressive amounts 
of money in waste form were lost for years. That's why we've included this check list of 
various kinds of valuable waste. If your plant disposes of any of these materials (o1 
similar ones), it will pay you to investigate Handy & Harman’s refining service. Send a 
trial lot to the Handy & Harman refinery nearest you for accurate evaluation. We offer 


unsurpassed facilities and experience tor complete recovery. If you're not sure of 


value of waste you are throwing away, let us check a sample for you. You may 


cover an entirely new source of income. Write or call our Refining Division 





CHECK LIST FOR REFININGS 


Plating Operations 


wn 
» wr) 
Oo 


~ 


w~ 


anawnnwn 


X-Ray Laboratory 


ver Hypo Solutions 
Ray Film 


ectrolytic Silver 


Miscellaneous 


Silver Paint Waste, Wipe Rags, 
aper, Cans 

Silver & Gold on Plastics, Ceram- 
ics, Glass, Mica, Quartz, etc 

Silver & Gold on Moly, Tungsten, 
Wire 

Platinum-Bearing Material 

Mirror Solutions — Silver Nitrate 


Silver Chemicals 


Refining Plants & 
Collecting Stations: 


Bridgeport 1, Conn. 
Chicago 22, Ill.— 
1900 W. Kinzie Street 
Los Angeles 63, Calif.— 
3625 Medford Street 
New York 38, N. Y.—82 Fulton St. 
Providence 3, R.i.— 
425 Richmond Street 
Toronto 2B—141 John Street 


Source of Supply and Authority on Brazing Alloys os nus 


ATLANTA GA 
BRIDGEPORT. CONN 
PROVIDENCE & Et 


DETROIT, MICH 


wy HANDY & HARMAN =--- 


General Offices: 82 Fulton St., New York 38, N.Y. 


S ANGELES, CALIe 
ARLAN aUlr 


fORONT ANADA 


DISTRIBUTORS IN PRINCIPAL CITIES MONTREAL CANADS 
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CENTER FOR HIGH PURITY FUSED QUARTZ 





\ é AMERSIL is the primary source for fused 
quartz and silica of the hicahest possible 
purity. Our fabricated lahor~* __ tetion equip- 
ment is e074 i cal purity is 
aa 
al idrical con- 
{ = »ing (up to 
amersit CO NATED AS y. Amersil 
* ROTO son ee oer” ssist in de- 
* OPTO wit HENS Nt virements. 
* HOMC =F 
* ULTRA: ZN= a 
= atz ow 
aAMERS'* ~ 
‘ 
Se 
685 RAMS a 


i e maRO INDUSTRIES 
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CUSTOM- 
MANUFACTURED 
TO YOUR 
SPECIFICATIONS 




















descriptive circulars. 
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We specialize in custom 
manufacturing all kinds 
of fhp motors. Whether 
you need skeleton types 
or gearmotors, standard 
or special, Molon can 
supply them fast and at 
low cost. Send for free 


0, ly Yf Motor and Coil Corp. 


2432 WEST GEORGE STREET . CHICAGO 18, ILLINOIS 





ly rotates stack from slot to slot. Coil 
Winding Equipment Co., 19 Maxwell 
Ave., Oyster Bay, L. I., N. Y. 


Circle Mo. 591, Reader Inquiry Service Cards 
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POWER SUPPLY FOR 
TRANSISTOR CIRCUITRY 


D-c power supply designated as Model. 
6-300B is designed for use in transistor 
research and development, in transistor 
testing, and original equipment. The 
unit meets demands for heavier cur- 
rent output, low ripple and low drift 





Output is 0 to 60 volts d-c, continu- 
ously variable, at 300 ma max. No 


derating ot output current, or of reg 


=u" 
lation and ripple specifications is nec- 
essary from 1 to 60 volts d-c. Regula- 
tion tor 60 volt, 300 ma load is 20 mv 


change, no load to full load. For line 
voltage change of 105 to 125 volts a-« 
(at 60 volt, 300 ma output), re 
is 20 mv change in output voltage 
Ripple and internal noise are below 1.5 
my rms. Unit is designed for low out- 
put impedance ind fast recovery time 
Dressen-Barnes Corp., 250 No. Vinedo 
Ave., Pasadena, Calif. 
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WHITEPRINTER HAS WIDE 
PRINTING LATITUDE 


The Copyflex 575, a high speed white- 
printer with a wide printing latitude, is 
equipped with a 5000 to 7500 watt se- 
lective switch controlled lamp. an ad- 
justable lamp shield, a machine speed 
of 75 fpm. and a 46 in. printing width. 

The unit, with its powerful mercury- 
arc lamp, augmented by the fast ma- 
chine speed, increases average print 
production as much as 250 per cent. 
Old tracings or new, tracings with vary- 


“= 


ing degrees of translucency, the “575 
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a bulletin of practical new ideas from Corning 








{ tall tale of bubbles I lis 1 Precision glass tubing tackles 
without troubles... 4-i1 mical e flanges) are of N tough transformer task 
plus a few other ideas +0 gl = that | 
Be 
Mac 
\ \ 
| 
| 
M 
Don't stop vet... 
OK 
MI 
S 
\ 
() 
t I 
The \ | 
| M i i | 
ni Als ir files: PE- 1 
Py \ \ 
ID 
Irce i = I 
\ This IsG R 
at olass is | S 
L se ) 








What vou’re looking at ts an all-gla e 4 
beshtle can diniliation column. the lesest Me Coming means research ix Glass ----—---—-—--—--— ’ 
ever built using glass for the main CORNING GLASS WORKS, 59-2 Crystal Street, Corning, New York | 
omponents 
I 1 aa = ie 

Lhe people no came to us lor this out- | Please send me the following material: {|_| Bulletin B-91; [| | “This ls Glass”; [|_| PE-60 
sized (16’ hig! » diameter, 2,000 | 
pounds) bit of plumbing make metallic | Nome Title | 
silicon | | 

Ss uppermost in their mind is 

What uppermo: n 1 nind 1 | Company | 
product purity. Which means process | l 
equipment must nol add nor take from | ‘ 

: t 

what's put through it | See 

Therefore, glass (what else with all | | 
the parts custom-fashioned by us (who | City Zone State 
else? a a | 
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LUBRIKIT ... An assortment 
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TOMI 


creates 


a 


i 
H 
H 


= 


a drive-line | 


problem... 


eo 
sea 


Automation is nothing new at the 


Rheem Manufacturing Company 
Here. 55- 


formed, fabri- 


plant Point. 


at Sparrows 


gallon steel drums are 


cated and finished without a hand 
touching the product in the process. 
On the fully automatic line, perfect 


register is essential. To achieve this, 
an automatic device, incorporating an 
Apex universal joint, positions each 
drum perfectly as it engages the 
rollers. 
Paint and varnish 


create atmos- 


pheric conditions which would be 


harmful to ordinary universal joints, 


1933 
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A Quarter Century of Service to Industry 
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solved with 


an APEX 
covered 


but which have no adverse effect on 
this Apex covered universal joint. The 
flexible cover, available only on Apex 
universal joints, not only protects the 
joint but also insures clean, sustained 
lubrication. 

This is one reason why, on so many 
automated operations, Apex covered 
universal joints are specified for drive- 
And it’s the reason 
why you should ask Apex about in- 


line applications. 


dustrial universal joints for your drive- 
line applications. Why not write today, 
on your company letterhead please, 


for our new Catalog 28? 


on page 17 


universal joint | 


1958 


can reproduc e black-on-white 


sharp. 
prints from all of these. 
A minor adjustment 


of the lamp 
shade, and any 


tracing. or group of 
tracings can be reproduced as fast as 
any skilled operator can maneuver. The 
16 in. printing width provides side-by- 
side feeding of small and medium sized 
tracings. which after exposure. are 
automatically stacked in the convenient 
tracing stacking tray. The prints are 
automatically stacked in one of the 
print delivery trays—front or rear. at 
the operator’s discretion. Charles Brun- 
ing Co.. Inc.. 4700 West Montrose Ave. 
Chicago 41, Il. 
Circle No. 593, Reader Inquiry Service Cards 
on page 17 
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LOG n MICRO- 
MICROAMMETER 


Model 413 is intended primarily for 


monitoring rapidly varying currents 


over a wide range in nuclear 


reactor 


control. Its large. single seale reads 
from 10-" to 10 amp with no 


range switching. Both input and output 
are at ground, making it convenient to 


Lr 
"+ @ 





connect recorders. Polarizing potential 
(+-216 volts) is furnished at the back 
of the chassis. 

Features include: zero drift less than 
0.05 decade in 24 hours after one hour 
warmup. Accuracy within 0.02 decade. 
Typical response times are small frac- 
tions of Output is 0 at 10 
rises to 50 mv at 10- 
amp. Output noise is less than 1 per 


et ond. 


amp and 


cent of full scale reading. Rack mount- 


ing, or with accessory end frames. 
Operating controls comprise an on- 


off switch, three calibration potentiom- 


eters and recovery button. Keithley 
Instruments. Inec.. 12415 Euclid Ave., 
Cleveland 6, Ohio. 
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ANALYZER MEASURES 
CHARACTERISTICS OF 
INSULATING MATERIALS 


The D-K analyzer is a portable, non- 
destructive, direct reading instrument 
which measures the dissipation factor 
and dielectric constant of insulating 
materials. 

The instrument can be used to in- 
vestigate the effects of variables such as 
hardeners, fillers, and cure conditions in 
dielectric 


systems, to detect non-uni- 


formities in the electrical properties of 


ELECTRICAL MANUFACTURING 
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Largest Seleetion of 


LUBRICATING DEVICES 


OiL HOLE 
COVERS 





Style R—No. 304 
Shoulder Drive 


Tf 


Style G— No. 505 
Beaded Drive 


Style GB — No. 527 
Ball Valve 





Style L—Ne. 1204 
Brass Elbow (Threaded) 


GEAR CASE GAUGES 





Screw mounted, to set flush. 
Glass port is backed with white 
enameled reflector, to make oil 
level (in gear case or transmis- 
sion) readily visible, even in 
dim light. Style CW — No. 4032. 









SIGHT 
GRAVITY 
FEED 
OILERS 


Rate of oil 
flow regulat- 
ed by needle 
valve, direct- 

ly observed 
through sight 
glass in stem. 

Shut-off knob does not affect 

needle valve adjustment. Visi- 
ble oil supply. Non-breakable. 
Tops in convenience and de- 
pendability, at low cost. Style 
NFU—No. 3602-A. 


SIGHT GAUGES 
For use where rate of 
: oil flow must be reg- 
j ulated to suit changing 
operating conditions. 


Needle 
= valve 


| permits 

a extremely 
accurate 
adjustment 
of oil feed. 
Sight glass provides 
direct observation of 
rate of oil flow. Accu- 
racy and convenience 


at a moderate price. 
Style PF—No. 4290. 


«09 


























LUBRIKIT ... An assortment 
of 95 oil cups of 29 different 
types. Gits sales records 
show these oilers are most 
used for replacement and 
maintenance. Contents of 
each separate bin are 


clearly described on Inside “ss 
Cover. = 


Special Introductory Price 3 
just $1425 F.0.B. Factory 
Satisfaction or your money back == ~~; 


GEAR 
CASE 
GAUGES 





This oil gauge plug permits in- 
stant checking of oil level within 
a transmission or gear case. For 
use where construction permits 
insertion in tapped hole. A val- 
uable addition to any such 
equipment — at very low cost. 
Style BW—No. 4042. 


Don't price yourself cut of the mar- 
ket. When you design proper lubri- 
cation into your equipment, specify 
GITS Lubricating Devices—the wid- 
est selection available anywhere. 
The items pictured above are only a 
few of our many thousands of lubri- 
cating devices. At the design stage, 
get the GITS story. Free Engineering 
Service. Send NOW for your free 
Catalog. 


GI1ITS BROS. MFG. Co. 
The Standard For Industry For Almost Half A Century 


1840 South Kilbourn Avenue 
Chicago 23, Illinois 


Clip this page for handy “rough reference” 
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NEG’‘ATOR SPRING 


“y 


NOTE: Brush pressure to be 
constant for all brush lengths 


Te Reo 


wn 


Maintain Constant Pressure or Tension 


USING A NEG ATOR’ SPRING 





In the NEG’ATOR Con- Generators are the new brush holders 


which incorporate NEG’ATOR Brush 
Springs. By utilizing NEG’aTors, GE 
engineers gained the following: 


stant-Force Spring, 
design engineers now 
have a mechanic 


component which will 1) unvarying optimum pressure 
maintain constant pres between brush and commutators; 


2) elimination of periodic manual 
adjustments of brush pressure; (3 
In vending apparatus 


paratu elimination of spring “hang-up”; 
ng NEG’ATORS are used to feed 1) a one-piece assembly which is 
merchandise into dispensing pos simple to fabricate and easy to 
; . ] y j 1 : 

tion. In a belt grinder, NEG : : 
| bel ‘ de NEG ATO! ssemble nto the equipment; D 

Springs countert ( mot« eas 
i eas one-hand brush removal and 

vhile keeping tl irive belt t I 

replacement without tools. 
c owe n nisn W ; : 
herever ppliee NEG rOR 
NEG ATOR produc i ed constar ses : . r 
Springs ised as extension mem- 
r sure. In motors and 
ne Ss, NEG’ATOR Brush S} é bers, long-running motors, as bands, 
¢ ressure on < } che n or Clips have cut costs and 
ns optin ‘ mpre d products. Learn more 
I i 

nensate for brush wea bout this new basic component. Re- 
As istrated. one may quest a copy of Bulletin 310N. Or, if 
de n features of the 1 Gener u’re interested in NEG’ATOR Brush 
Electric Co. KINAMATIC* Motors and Sprin write for Bulletin 310P. 


THE HUNTER 





constant-force spring 


22 Spring Avenue, Lansdale, Pennsylvania 
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HUNTER SPRING COMPANY 


SPRINGS © STAMPINGS ¢ TEST APPARATUS 





insulators caused by variable resin con- 
tent or inadequate cure, and to inspect 
incoming material such as etched cir- 
cuit board stock to insure conformance 
to standards. In addition, it lends itself 
to monitoring the output of continuously 
operating devices such as coating ma- 
chine to permit rapid process read- 
ustments, to examine large finished 
systems such as radomes for uniform 
electrical properties, for checking parts 
1g into service rather than dummy 
coupons, or to analyze materials with 
similar appearance to facilitate stock 
separation 

The form of the probe associated with 


he instrument 





ates the need for 


specimen preparatior As a 


conse- 


quence, measurements are made in sec- 


onds and the results are indicated on 
two dials. No calculations are required, 
ind access to a svstem need only be 


trom one side 





The analyzer is available as a hat 


tery-operated unit for floor use, or as 


i laboratory instrument with a plug-in 





power supply. In either form, it meas- 

res 9x 12 x 9 ind we ghs less thar 

15 Ib. Delsen Corp.. 719 West Broad- 

way, Glendale 4, Calif 

Circle No. 595, Reader Inquiry Service Cards 
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COMBINED TACHOMETER, 
VOLT-OHMMETER 





The Speedvolter has been designed to 
satl the needs of industry and lab 
ratories for an instrument to give a 
lick and rate means of measur 
g speed and to enable technicians to 
trouble-shoot equipment by means of 
oltage and resist f hecks 

Phe strument is particularly 
dapted 1or e in measuri the speed 
of motors, rotating machinery, and con- 
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| 

| WAGNER 
| POLYPHASE | 
| MOTORS | 
| | 


sic 


Type DP 
1 to 125 hp. 


These open type motors give er = apie 
DOUBLE PROT ECTION DOUBLY dois eiager -- Wagner DP Motors offer the 
can be used in many places 


j J + ; f rT 
Bole protection ¢ Cc 


sletely dripproof enclosures and 
ast iron frames that can take rough handling 


that formerly required 
splashproof motors 


Wagner Type DP Motors ofter the double protection of 
rugged corrosion-resistant cast iron frames and dripproof 


enclosures so well designed that the DP Motor can handle 


y applications that formerly required splashproof motors 


These Wagner Motors are built in the new NEMA ratings 
that pack more power into less space, are lighter in weight 
CAN BE RELUBRICATED hese motors can be re-greased 


: . ‘ . 
1 are easier to maintain—only occasional lubrication 1S when desired fc rer hea r life. Fresh grease can be 
ired ided—old ings p 


Ie id £rease remove througn openings provide 


in the ball bearing } ; 
SLEEVE BEARING MODELS AVAILABLE 
The entire line of ratings through 125 hp. is available with 
steel-backed, babbitt lined sleeve bearings that have high 


Carrying Capacity and provide quieter operation. 


Let a Wagner Sales Engineer show you how these motors can 
be applied to your needs. Call the nearest branch office or 
write for Wagner Bulletin MU-223. 


Tto 125 HP—1750RPM—40C NEMA FRAMES 182 through 445U 


Wagner Electric @rporation 


6454 Plymouth Ave., St. Levis 14, Me., U.S.A. COOL RUNNING — Specially designed baffles direct cool- 
wnse-3 ing air through the motor to protect the stator windings. 


Blowers, cast as part of the rotor, move large volumes of 
BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES air without noise or vibration. 
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eter generator, the motion of rotat- 
e a. ro < i o> 4H ne s ing sur ~s is con- 
Sug TA i OS" ¢ aw Wo cS | ing parts and moving surfaces is con 


Ultra-Miniature veyor belts. By use of a linear tachom- 


z= me = | verted into a d-c votage which is pro- 
for Transistor Circuits | portional to the speed of rotation, 

The tester also serves as a_ high 

quality voltmeter and ohmmeter with 

good sensitivity and accuracy on all 

ranges. Another feature is the method 

by which both meter and circuits are 

so protected that burn-outs are virtu- 

ally impossible. A single switch selects 

all functions and ranges. A molded 

switch with contacts that are heavily 

silver plated is used to minimize con- 

tact resistance. For speed measure 

ments, the function switch selects a 

choice of any one of six ranges. For 

volt-ohm measurements, the function 

switch selects a choice of any of the 

five ranges with a meter sensitivity ot 

5000 ohms per volt. Servo-Tek Prod- 

2X MAGNIFICATION ra a .. 1086 Goffle Rd., Haw- 
thorne, N. J. 
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DUAL OUTPUT 
TRANSISTORIZED POWER 
SUPPLY 


Each output of this dual unit, Model 
2SC-32-1.5, delivers 0 to 32 volts at 
1.5 amp continuous duty. Regulation 
for line or load is less than 0.03 per 
cent or 0.003 volts, whichever is 


greater. Ripple is less than 3 my rms. 
Recovery time is less than 50 yse 


nieeins ... With performance characteristics that equal 
a: or exceed much larger or more costly components. 
Excellent temperature stability: plus or minus 
25°, from 10° to 85° C. Extremely low power 
factor. Working voltage, 3 VDC. GMV tolerances. 

Maximum thickness, 0.156”. 


Stability for 8 hours is less than 9.03 
per cent or 0.003 volts, whichever is 
creater. 0.005 per cent resolution is 
obtained with a 10-turn voltage con- 
trol making the output voltage con 
tinuously variable without switching 
TYPICAL SIZES External overload and short cir uit 
10 mfd -" diameter protection are included. Either positive 
22 mfd 4" diameter or negative may be grounded. Units 
56 mfd " diameter can be connected in series. 
1.0 mfd 4.” diameter 
or 


»”9 


2.2 mfd ,” diamete 


+ 


The power supply is suitable for 
square wave pulsed loading. Power 
For detailed information write for Engineering requirements are 105 to 125 volts, 50 
Bulletin EP-87 or contact your local Centralab to 400 cycles. Voltmeter and ammeter 
sales representative are provided. Unit is 19 in. wide, 7 in. 
high and 11 in. deep. Kepco Labora- 
tories. Inc, 131-38 Sanford Ave., Flush- 


A DIVISION OF GLOBE-UNION, INC ing 55, N.Y. 
Wf 9628 —. KEEFE AVE. » MILWAUKEE 1, WIS Circle No. 597, Reader Inquiry Service Cards 
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in Canada: 804 Mt. Pleasant Rd. © Toronto, Ontario 
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waseood Have you read the new “Research 
VARIABLE RESISTORS @ PACKAGED ELECTRONIC CIRCUITS © ELECTRONIC SWITCHES Horizons” department? Turn back to 
CERAMIC CAPACITORS © ENGINEERED CERAMICS © SEMI-CONDUCTOR PRODUCTS page 9. 
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0, ED | Pleo. 


METAL -LUX 


Pe iki) 
and COMPANY, INC. 


be yr 


FRESH ND-AIRE COLMAN 
Textile machinery 


Putting sdeas tc Work 


Chicago 
Pump 
a Company 


Plastic parts molded by 


Admiral-MP/d 


go into the products 
known by these famous 
trade names 

These and other first-rank 
manufacturers look to 


Admiral-MP/d for an able assist in 


maintaining their position out front. 


High fidelity components 


PRODUCTS COMPANY 
Bt 3 


4 iro) Meme Sige <-Badeere leat 


Faultless 
LAKESIDE 


PLASTICS 


a 


VENDO 
Vending machines 


Be Se 


PLAN IT FOR PLASTICS 
Write today for book describing 
Admiral-MP/d facilities and 


capabilities. 


e RESEARCH & DEVELOPMENT 

e COMPRESSION MOLDING 

e INJECTION MOLDING 

e REINFORCED PLASTICS MOLDING 


Admiral 
mira e MP/d = MOLDED PRODUCTS DIVISION 


co 8P 6 28 ATT ON 


P.O. Box 388, West Chicago, 'llinois 
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Literature 
for the 


Design Engineer 


All-new listings of manufacturer's literature just off the press . 
including catalogs, manuals and other reference publications relat- 


ing to components and materials for designed-in use in electrically 


energized end products. 





SILICONE PRODUCTS—The 1958 16- 
page Reference Guide describes over 


150 commercially available silicone 


products, including many introduced 
this past year. Contains detailed charts, 
tables, graphs and data on properties 
and performance, along with illustrated 
examples on how silicones can cut 
costs, simplify design and add sales ap- 
peal to products in every field of ap- 
plication. Dow-Corning Corp. 

Circle No. 621, Reader Inquiry Service Cards 

n page 17 


HIGH-SPEED SYNCHRONOUS MOTORS 

Features and applications of large 
ind the 
services tl go with them, are de- 
scribed in 8-page bulletin GEA-6620 
Photographs illustrate the 


high-speed svn hronous motors, 


aesigning 


and manutacturing facilities of the 


company s motor and generator de part- 
ment. Large itaway drawings give an 
X-ray view of the horizontal and ver- 
tical motors of 1500 hp and up. Gen- 
eral Electric Co. 
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EPOXY POTTING COMPOUND—Book- 
let describes and gives complete data 
on a new, easy-to-use epoxy encapsulat- 
ing compound, Sealcast 501, a material 
that may be cured at room temperature. 
Because of the low cure shrinkage and 
the low coefficient of thermal expan- 
sion of Sealcast 501, permalloy tape 


270 


cores have been successfully potted 
without significant change in the mag- 
netic permeability. Plastic Products 
Dept., Minneapolis-Honeywell Regula- 
tor Co. 
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MICROWAVE FACILITIES BROCHURE 

Sixteen-page brochure describes the 
company’s activities, key personnel, and 
past history of growth. The semi-con- 
luctor, switching devices, magnetron, 
ind waveguide component operation are 
discussed in detail. Other sections deal 
with company skills and facilities, pro- 
duction, and administrative functions. 
Microwave Associates, Inc. 
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DIMINUTIVE CLUTCHES AND BRAKES 

[wenty-eight page illustrated catalog 
covers a line of miniature and sub- 
miniature electro-magnetic clutches and 
brakes. Included is information on each 
type produced, including cutaway draw- 
ings, engineering data, schematic dia- 
grams, dimensional data, minimum per- 
formance curves, oscilloscope readings 
and other technical information. Also 
included are photographs and descrip- 
tion of the company’s engineering, de- 
sign and manufacturing facilities. Auto- 
tronics, Inc. 
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A-C MOTOR — Totally-protected a-c 
motors from 1 through 125 hp are dis- 
cussed in 4page Bulletin B-2506. 
Photos, drawings and easy-to-read copy 
explain total protection and its im- 
portance to motor performance. Also 
graphically described is the availability 
of new NEMA large-frame a-c motors 
and their modifications. Reliance Elec- 
tric and Engineering Co. 
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SELENIUM RECTIFIERS — Bulletin No. 
248A gives ratings and dimensions for 
the high current density Petti-Sel indus- 
trial type selenium rectifiers. The bul- 
letin also has data on uprating the rec- 
tifiers when cooled by forced air. A life 
of at least 100,000 hours is claimed for 
the industrial type Petti-Sels, used ac- 
cording to the indicated ratings. Radio 
Receptor Co., Inc. 
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HIGH-STRENGTH MATERIALS PUBLI- 
CATION—“Advanced Materials Tech- 
nology,” a new publication, features 
technical information on materials to 
meet severe or unusual conditions in 
processing or operation, such as heat, 
action, other 
problems beyond the capabilities of 
conventional materials. The first issue 
gives data on a new self-bonded KT 
silicon carbide which provides “high 
strength” and other unusual properties 
up to 4000 F. “Thermal Shock Prob- 
lems” are treated; a new, improved 


abrasive corrosion, or 


heating element is discussed, and some 
of the new uses of zirconium are ex- 
plained. The Carborundum Co. 
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METHYLSTYRENE MOLDING COM- 
POUND—Nine-page technical bulletin 
describes and gives electrical, mechan- 
ical, and thermal 
CYMAC 325, a 


pound formulated especially for use in 


specifications on 


methylstyrene com- 


the electrical and electronics industries 
[his product has been adopted for use 
radomes and 


in antenna insulators, 


other components of electronic equip 
ment. American Cyanamid Co. 
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O-RINGS 
sizes and compounds available in the 
new series O-rings is given in Bulletin 
OR-57. It lists standard O-rings keyed 
to a numbering system in accordance 
with SAE Aeronautical Recommended 
Practice 568, cross-referenced to sizes 
in the 6227, 6230 and 6290 series. The 
bulletin also lists compounds formu- 
lated for a broad range of industrial 
purposes, together with hardness rat- 


Complete information on 


ELECTRICAL MANUFACTURING 





Magnetic Metals Company designs and produces 
Stamped and tape wound cores and shields 
for the electrical and electronic industries 


The ultimate in tape wound cores 
CENTRICORES 


Precision manufacturing methods are 
used to obtain closely matched magnetic 
characteristics, including high thermal 
Stability. Centricores matched at room 
temperature will remain matched over 
wide temperature ranges 

m SEND FOR BULLETIN D7. 


Mass-produced . . . Precision-made 
Magnetic Core Laminations 
Motor laminations are produced to close 
specifications from customer-owned 
dies. Our representative will discuss you! 
needs nennenerene laminations ina 
wide variety of shapes and sizes 
made from standard dies 


m SEND FOR BULLETIN Al. 


Drawn or forn 


MAGNETIC SHIELDS 


Provide e | 
electrical equipment pean stray mag- 
C fields. aad effect a high ratio of 
field strength reduction. A wide range 
f single and multiple shield structures 
available from existing tools. 


bm SEND FOR BULLETIN F1. 


i oc (METALS COMPAN) 


ELECTROMAGNETIC CORE PARTS AND SHIELDS «¢ HAYES AVENUE AT 21st ST. « CAMDEN 1, N.J. 
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LATEST 
TERMINAL 
MANUAL 


Here's where you get the answers to your 
terminal problems and requirements 


This new Sealectro Manual lists hundreds of 
standard “Press-Fit’* stand-offs, feed-thrus, 
connectors and test jacks, taper-pin receptacles, 
probes and plugs, and custom fabrications; 
miniature, sub-miniature and micro-miniature sizes 
choice of code colors, lugs, platings; handy 
specification tables and dimensional drawings; 
insertion tools and installation procedures 


You can save labor, material, time, trouble and 
money, with these original and genuine 
Sealectro “Press-Fit’ Teflon terminals 

This Manual tells you how 


= 
\-S 


J 


WRITE FOR YOUR COPY! 


Be sure you have this Manual at your fingertips 
Let us have your specific problem or requirement 
for engineering collaboration and samples 


*Reg Trademark of Sealectro Corpor f. originator 
and pioneer of Tefion terminals 
tReg Trademark of E |. Du Pont de Nemours & Cc 


CN. Sseabeotio 


610 Fayette Avenue, Mamaroneck, N.Y 
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compatibility and temperature 


ranges. Chicago Rawhide Manufactur- 
ge Co. 
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SELECTING A PLUG—*How to select a 
Cannon Plug” is described in a 40-page 
plug guide—an orientation to the 53.,- 
000 connectors manufactured by the 
company. A check-list for selecting in- 
cludes important considerations, such 
as: size, number and style of contacts, 
mounting space, coupling methods, in- 
sulation and environmental conditions. 
The guide also shows photographs of 
representative connectors, gives basic 
information on application, and indi- 
cates specific catalogs to order for data 
on each series of connectors. Cannon 
Electric Co. 
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PRECISION POTENTIOMETERS 
cilitate the 


To fa- 


selection of a precision 


potentiometer tor a gviven applic ation. 
handy ¥ 


“Precision Potentiometers 


etable lists seven single-turn and one 


1 


nuititurn type, with dimensions, re- 


values, tolerances, resolution. 


rotation, tandem 


groupings 

aps. weight, bearings and other 

i glance, the designer or e1 

selects the one that best meets 

his particular requirements. Clarostat 
Miz. Co.. Ine. 
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PERMANENT MAGNET SYNCHRONOUS 
MOTOR—Bulletin PB-117 offers tech- 
nical, operational, and design data on 
synchronous 
Detailed specifica- 

ns are given on all five versions of 
Type 117 


ratings (to 60 in.-oz) speeds, and shaft 


permanent magnet 


Series 117. 
motor series, including torque 


dimensions, in addition to material and 
construction information. Cramer Con- 
trols Corp. 
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INDUSTRIAL SOLENOIDS 


catalog 572 


- Condensed 
gives illustrations, dimen- 
sional drawings and force characteris- 
tics on every industrial solenoid model 

the company’s line, a-c or d-c, in- 
cluding multi-life, oil-immersed models. 
Detroit Coil Co. 
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CERAMICS 
Fight-page 


IN ELECTRON TUBES 
brochure discusses the use 
of ceramics in place of glass in vacuum 
construction. The brochure dis- 
cusses the relative superiority of ce- 
ramic over glass material, using cur- 


rently manufactured tube types as test 


Permanent Magnets 


Laminations 


Turn in your 
slide rule, 
Smedley! 


Smedley aimed his guided missile 
at the moon—and scored a bulls- 
eye on a farm pond just outside 
Keokuk. The ducks didn’t lay for 
weeks. 

Smedley’s mistake: he based his 
schedule on an over-optimistic de- 
livery date by a supplier of lam- 
inations ... and, as zero hour 
approached, he had to accept 
substitute laminations not meeting 
specifications. 

Thomas & Skinner could have 
helped Smedley. T&S handles in- 
quiries promptly . quotes real- 
istic delivery dates . . . and then 
ships on schedule with products 
meeting customer specifications in 
every respect. T &S’s entire staff is 
constantly aware of the importance 
of handling customer orders, no 
matter how big or little the order, 
no matter how big or little the cus- 
tomer. All T&S customers are 
VIP's to the T&S staff. 

Specify T&S laminations for 
your next project. Write for 
new lamination catalog, Bulletin 
L-1057. 


SPECIALISTS IN 
MAGNETIC MATERIALS 


) and Wound Cores 


1114 East 23rd Street, Indianapolis, Indiana 
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PRINTING PRESS 


AUXILIARY DRIVE 


MODEL SC 


FAWICK 


MAGNETIC 


CLUTCH 


Wi To meet these and other strict performance 


requirements on machine tools and 


automatic machinery, specify Fawick 
Magnetic Clutches and Brakes. Their 
advanced design assures operating precision, 


dependability and service life that are 


unsurpassed in competitive units. 


Fawick Magnetic Clutches are available in 


sizes ranging from 2 to 13 inches in diameter 


with torque ratings from 36 in.-lbs. to 48,000 
in.-lbs. Standard operating voltage is 90 


volts d.c. with other voltages available. For 
further information write for Bulletin M-101 


or contact your nearest Fawick representative. 


FAWICK AIRFLEX DIVISION 


FAWICK CORPORATION 


9919 CLINTON ROAD ¢+¢ CLEVELAND 11, 


FEBRUARY 1958 


In Canada: Fawick Caneda Iitd., Toronto 


OHIO 


INDEXING HEAD FOR 
RAPID REVERSE 


DOUBLE CLUTCH ARRANGEMENT 
FOR REVERSING OR 2-SPEED OPERATION 


requirements 


oil or dry operation « high cyclic rates 
fast acceleration « instant action 
restricted space limitations ¢ controllability 
interchangeability with existing units 
adaptability to individual drive requirements 
minimum maintenance 


FAWICK. (Magnetic 


INDUSTRIAL CLUTCHES AND BRAKES 
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CONDULETS 


DESIGN ENGINEERS ‘say sui: 


GASOLINE 


"No matter what type of 


explosion-proof fitting we 


need, Crouse-Hinds has it!’ 


— Proportioneers, Inc. (Div. of B.I.F. Industries, Inc.) 


BLENDER CON- 


TROL PANEL built by Proportion 
eers, Inc. for Shell Products 


REAR VIEW Panel 


contains 58 


different types and sizes of ex- 


plosion-proof 


of 715 in all 


Condulets—a 


total 


“DESIGN as you will — CONDULETS fill the bill” 


*Registered 


CROUSE-HINDS company 


Orices 
» 
™ 


No matter how complicated your electrical con- 
duit layout, you'll find everything vou re quire in 
the Condulet Catalog. There are than 
15,000 different types of Condulets plugs, re- 
ceptac les. 


more 
a 
NATIONWIDE \ 
DISTRIBUTION \ and lighting fixtures 
eyes 2 Ordinary 
ELECTRICAL 
DISTRIBUTORS 


switches. controls 


tor both 


breaker 
h izard 


circuit 


Ss 
yus and 


location “a 


For complete freedom in layout design, get 
acquainted with Condulets. Product Engineering 
Advisory Service available on request. 


Main Office and Factory: Syracuse, N. Y. 


Crouse-Hinds Company of Canada, Ltd.: Toronto, Ont. 


fp: noon LIGHTS © CONDULETS © TRAFFIC SIGNALS © AIRPORT LIGHTING | 
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subjects. 
reliability 
temperature, 


The results of comparative 
tests including shock, high 
RF and 


dimensional uniformity demonstrate the 


dielectric loss, 


advantages of ceramic-metal tube con- 
Eitel-McCullough, Inc. 
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struction 


ACCELEROMETER LINE—Data File 410. 
a 4-page bulletin, contains illustrations, 
photos, specifications and descriptive 
matter covering a line of vacuum tube 
and transistorized accelerometers. Vac- 
uum tube types include Models 4005, 
4112, 1143. Model 4310, a 


transistorized accelerometer, is featured 


and new 
on the cover. Donner Scientific Co. 
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TRANSISTORIZED EQUIPMENT 


page, 


len- 
folder-type catalog covers line of 


products, including transistorized in- 


verters and converters, transistorized 


high current power supplies, transistor 


test equipment, transpa miniaturized 


power packs, transistor-regulated 


power supplies. Included are technical 


descriptions, specifications, application 
notes, model numbers, and prices. Elec- 
Research Associates, In 
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PACKAGED SPEED CONTROL DRIVES 
—Eight-page Bulletin 20,000 describes 
packaged drives for equipment requir- 
ing adjustable speed or speed synchron- 
ization. The bulletin explains the basic 
and the 
available including 


circuit many modifications 


speed regulation, 
constant-potential d-c supply, dynamic 


braking. and acceleration control 
Major components are pictured and 
described. The Clark Controller Co. 
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NUMERICAL DATA PRINTERS —Fight- 
illustrated S-101 de- 

parallel-entry data 
printers for computers, production test- 


page brochure 


scribes numerical 
ing, data-reduction systems, laboratory 
and control 
The 


technical information on 3 read-out ma- 


instrumentation process 


logging systems. brochure gives 
chines with 5 decades of input capacity. 
8 decades and 11 decades. to handle 85 
per cent of data printing requirements 
Clary Corp., Electronics Div. 
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COIL WINDING MACHINES 
catalog sheet illustrates and gives con- 
densed descriptions of 8 coil winding 
machines. Included multiple- 
header bobbin winder, automatic vari- 
able pitch progressive universal winder, 
heavy-duty transformer-bobbin winder, 


Two-page 


are a 
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ELECTRICAL AND ELECTRONIC NEWS 


Silicone Insulated Transformers 
Light-Weight, Maintenance Free 


Added proof that you get 
per pound” 
with 
provided by 
pany’s 


“more 
maximum 
electrical 


power 
reliability 
insulation is 
Moloney Electric 
line of 3-phase, 
filled, dry-type transformers. 
he 1500 KVA ratir 


and 
silicone 
Com- 


new nitrogen 


icone Dielectrics 


No. 15 


SILICONE RUBBER ASSURES RELIABILITY 
OF ELECTRONIC “PACKAGES” ON = 58 


In reaching for new plateaus of 


and reliability, 


per- Divi 
formance designers are 
Silastic the 


rubber. 


getting an assist from 
Dow Corning silicone 
the 


and 


Typical is 
extensive use 


the 


of Silastic to insulate 


protect 


delicate electronic 


“packages” in the fire control system on 


Convair’s B-5S8 Hustler 
Ir 


Silicone Fluids on Insulators Stops Shorts 


Imaginative use of a silicone fluid has 
enabled Blue M Electric Company, Blue 
Island, Ill., to engineer faster response 
and more accurate heat control into its 


laboratory humidity cabinets. 


Moisture condensation on the steatite 


grommets that support the resistance wire 


ATLANTA * BOSTON * CHICAGO -* 


Canada: Dow Corning Silicones Ltd 


FEBRUARY 1958 


CLEVELAND * 


, Toronto; 


Send Coupon for More 
ae Tau a) 


nsulators withstand 1000 volts to 


DOW CORNING CORPORATION - Dept. 452 
Es Midland, Michigan 
ie M has been | Please send me 59 60 61 


more 


even with dr oplet S ol 


As a result, BI 


to change to 


neir > iidies 
faster accurate 


grounds 


NAME 
elements without 
or shorts. 

Blue M uses a 2% solution of Do 
ing 200 Fluid in carbon tetrac 
insulators are dipped into 
and baked for one hour at 57 


“open fear of 


TITLE 


w Corn- | COMPANY 
hloride. The 
this 
5 F. 


STREET —. 
solution 


No. 61 CITY 


—ZONE____STATE 





DALLAS °* 
Great Britain: 


DETROIT * LOS ANGELES * 


icones Ltd., 


NEW YORK * WASHIN 


France: St. 


GTON, D.C. 
Midland Si 


Lo inn 
London; 
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750,000 
“ON AND OFFS” 


Leading appliance maker chooses 
miller phosphor bronze 
for range switch 
part! 


i 





Miller Phosphor Bronze is consistently 
chosen for the tough jobs—in this in- 
stance a switch part that must withstand 
an estimated 750,000 “on and offs” with- 


out fatigue or fracture. 


Miller specializes in the tailor-made 
production of phosphor bronze alloys— 
in strip, coiled and flat lengths—best 
fitted to your needs. At Miller, Phosphor 


Bronze is the main line, not a sideline. 





THE MILLER COMPANY * MERIDEN, CONN. 
ROLLING MILL DIVISION 


Ambit Cuililj /isspheor Cronge 
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aad winders, high-speed 3-pole arma- 
ture winder, high-speed  direct-drive 
gearless bobbin winder, 12 in. precision 
space winder, and a multiple fly-back 
winder. Geo. Stevens Mfg. Co., Inc. 
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THERMAL ELEMENT SELECTION GUIDE 

Bulletin 110 simplifies selection of 
thermal elements for maximum resist 
ince to corrosive atmospheres. It lists 
wore thar LOO separate corrosive at 
mospheres into which temperature 

trol elements are often immersed 
The chart also lists the recommended 


bulb material and other information re 


iture sensing bulbs in eac} itmosphere 
e Partlow ( orp 
J 
No. 641, Reader Inquiry Service Card 
on page 17 


LABORATORY ELECTRONIC EQUIP- 
MENT—-Meter calibrators, voltage re 


lators, digital readout meters, d-c power 


-U 


supplies and other electronic equip- 
ment for laboratory or production use 
are described in an 8-page illustrated 
catalog. The catalog gives complete in 
formation and operating data for all 
models. Davenport Manufacturing Co 
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TOGGLE AND TRIGGER SWITCHES 
Catalog sheet 100-1 describes a com- 
plete line of toggle and trigger switches. 
Ten standard types are listed, with il- 
lustrations, dimensional and electrical 
rating data. All are UL approved, spe- 
cifically designed for small motors, 
electrical appliances, and electronic 
equipment. Sargent Electric Corp. 
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ROCKER-KEY SWITCHES Data sheet 
141 describes a series of rocker-actuated 
switches which combines the advan- 
tages of both toggle and push-button 
control. One version has transluscent 
plastic keys which emit a soft glow from 
a light source located inside the panel 
to indicate the position of the actuator. 
Photographs and dimensional drawings 
ot the l-pole, 2-pole and 1-pole types 
are shown. Electrical data and operat- 
ing characteristics are covered. Micro 
Switch, Div. of Minneapolis-Honeywell 
Regulator Corp. 
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PHASE-ANGLE VOLTMETER The 
Series 200 bulletin outlines the Model 
201 and 201R’s operating principles, 
range, accuracy and other features. It 
describes function as a sensitive a-c 
vtvm, as well as measuring directly sig- 
nal phase angles, quadrature voltage 


and in-phase voltage. Typical applica- 
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Now 
this 


Greenohm* 


“everything...” 
















Vitreous Enamel Coated 


GREEN® 


POWER RESISTORS 


Yes, NOW! All the outstanding quality and performance 





of the famous Clarostat “Greenohm” Power Resistors in a 
glass-smooth, vitreous-enamel-coated unit. It’s the new Clarostat 
“Greenohm V” Power Resistor made to MIL-R-26C specifications 
and available in 5- to 200-watt sizes. Resistance values 
to 900K ohms. Wide selection of mountings. 


% Available in fixed and adjustable types. 
% +5% tolerance for resistance values of 
50 ohms and over; 
+10%, 49.9 ohms and under. Closer 
tolerances available on special order. 
% Welded connections to terminals. 
Sturdy terminals. 
% Many variations available to your needs. 


Since 1921, Experienced Resistor Experts! 
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4 ways HONEYWELL Mercury 
Switches are used in 
modern design applications 


HONEYWELL Mercury Switches include over 1000 vari- 
ations to meet individual needs. MICRO SWITCH field 
engineers provide special help with mounting methods, 
actuating linkages and shock-proof enclosures. 
HONEYWELL Mercury Switches are ideal for locations 
where dust, fumes, spray or splash are present. 


Bimetal strij é 
/ p Clip For temperature 


control 

Switch may be mounted on 
bimetal strip, the angle 
varying the temperature. 















ergs cee 


Switch 


Sarin 
ferncemnes: . spring 





For cam 

operation 

Output of cam actu- 
ates switch mounted 
on cam-driven lever. 





\ Tilt / 


af 










« For fast contact action 


\_- Above-center mounting is 
recommended for fast con- 
Shoft--- tact action. ; 


Above-center mounting 


For low 

operating force 

Below-center mount- 

ing is recommended 

for minimum operat- 
ing force. 


Below-center mounting 


HONEYWELL Mercury 
= Pulse Switch for slow 
b>, rotating devices 
= ey This switch has 
proved exceedingly 
<————);625————»__ useful for direct one- 
to-one counting on 
slow rotating devices. Pulse action is accom- 
plished by the curved glass tube. These include 
business machines, timing devices, vending ma- 
chines, signaling devices, etc. 
For complete information on HONEYWELL Mercury 
Switches send for Catalog 90. 


MICRO SWITCH 


& DIVISION OF MINNEAPOLIS WONEYWELL REGULATOR Company | ! 
fe Comete. Lewute. Tor r freerort, wuNnois (=~ 


Fiut ww Precision Switching 





Circle 276 on page 17 


ELECTRICAL MANUFACTURING 


tions are given in circuit development 
and field testing. North Atlantic Indus- 
tries, Inc. 
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BEARING UNITS—Twelve-page Catalog 
BU-101-A illustrates and describes a 
new line of bearing units, consisting of 
pillow blocks and flange blocks. They 
contain self-aligning ball-bearing units 
lubricated for life and permanently 
sealed against contamination, with wide 
inner ring eccentric locking ring and 
safety collar. Browning Manufacturing 
Co. 
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LABORATORY AND PRODUCTION IN- 
STRUMENTS—lIllustrated and descrip- 
tive catalog offers complete specifica- 
tions, typical applications and perform- 
ance curves on voltmeters, capacitance 
bridges, distortion meters, and u-h-f 
grid-dip meters. Boonton Electronics 
Corp. 
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HEAT-RESISTANT CASTINGS—A set of 
data sheets is available giving the most 
up-to-date property information avail- 
able on heat-resistant cast high alloys. 
Featured is a listing of room tempera- 
ture and elevated temperature proper- 
ties of each of the cast heat-resistant 
alloy grades. In addition to specific 
property data, each of the 14 sheets 
gives a concise discussion of the appli- 
cations, design and fabricating char- 
acteristics of each alloy. Metallurgical 
structure and characteristics of each al- 
loy are described. Alloy Casting In- 
stitute. 
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SEMICONDUCTOR RECTIFIERS—F our- 
page bulletin 12B8897 describes line 
of semiconductor rectifiers—germanium, 
silicon and selenium. The three types 
of semi-conductor rectifiers, particularly 
applicable in the electro-chemical in- 
dustry, as well as general industry, are 
applied for director currents and volt- 
age ratings as indicated on a chart in 
the bulletin. Allis-Chalmers Manufac- 
turing Co. 
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HIGH-TEMPERATURE SPRINGS—Fight- 
page bulletin discusses how to design 
and select materials for springs that 
must operate successfully at high tem- 
peratures. The bulletin first explains 
the changes which take place in ma- 
terials at elevated temperatures to cause 
the special problems confronting the 
spring designer and goes on to present 
some available solutions to these prob- 
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150 Durez phenolic molding compounds write the r facturer, The Glastic Corp., 

Your molder can put Durez versatility 4321 Glenridge Road, Cleveland 21, Ohio 

to work for vou. Why not call him in This is just one example of how prod- 

early on your next job? ict designers are using Hetron’s unique 

properties. If you have a product (or just 

New duct in idea) calling for a strong, lightweight 

> erial v inherent fire retardance, you 

cuts wiring cost nay find help in a complete Hetron 

You can save up to 30% of the cost of data file which we'll be glad to send you 
wiring control panels with this new per- Just check the coupon 





Official U. S$. Navy photo 


For more information on Durez materials mentioned above, check here: 
Diallyl phthalate, 16694 


Phenolic molding compounds—descriptive bulletin 


For a data sheet detailing properties of 
the compound and of molded material, 


check the coupon. Hetron resins—technical data file 


Clip and mail to us with your name, title, company address. (When requesting 


business tetternead 


sam] les, please use 


| 
| 
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Right for a relay 
‘ 


Are you taking full advantage of the ver- 
satility of today’s phenolics? 

Consider the example of this new power 
relay produced by R-B-M Division, Essex 
Wire Corporation—a natural application 
for phenolic 

Designers wanted this relay to be Jow in 
cost, since it is intended for use in appli- 


ances. A unique feature, hammer-blow P L A Ss T t Ss D i V i Ss I oO N 


action on the contacts, calls for a specific 
degree of mechan al strength in the parts HOOKER ELECTROCHEMICAL COMPANY 


Other requirements include high dielectri 1302 Walck Road, North Tonawanda, N. Y. 





HOOKER 


CHEMICALS 
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Exposure . . . to the equivalent of a stiff sea spray .. . 
on a hot, humid day—one more test the G-M Servos 
take in stride. 


Not. just a promise—but a tested facet. PTTTTT TTT TTT rrr 1 
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for complete G-M 
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4338 N. Knox Avenue # Chicago 41 


tions. No obligation, of 
course 
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lems by proper selection of materials, 
choice of design stresses, and use of 
certain manufacturing processes. As 
sociated Spring Corp. 
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LEAD-FILLED RESIN-——Technical bulle 
tin on Maraset resin $341, a lead-filled 
epoxy casting material, emphasizes its 
shielding containers and structures, and 
lists such applications as instrument 
housings and pipe and valve fittings. 
It summarizes properties, including di- 
mensional stability. casting ease, bond- 


ing abilitv, range of hardnesses, density 


ind availability in various lead load 
ings. Marblette Corp. 
Circle No. 651, Reader Inquiry Service Cards 
on page 17 


SOLDERLESS WIRING DEVICES Re- 
vised catalog on solderless wiring de- 
vices describes and illustrates time-sav- 
ing solderless terminals and connectors 
for crimping to wire extremities. Data 
ind sizes of various devices are in- 
cluded to facilitate selection for every 
wiring job requirement. Free represen- 
tative samples of terminals and con- 
nectors are included with each catalog. 
Electrix Terminals & Connectors, Inc. 
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TEMPERATURE CONTROLS “Got a 
Temperature Control Problem?”, the 
title of a }-page folder. describes how a 
thermo-switch unit can help equipment 
to run at faster speeds, require less 
maintenance and have longer life and 
reduced assembly costs. Also included 
are construction details of the control 
and 6 basie design configurations. 
Fenwal Inc. 
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LAMINATED PLASTICS —“It’s an Elec- 
trical World” booklet gives case his- 
tories of how Formica laminated plas- 
tics are used for electrical insulation. 
Booklet describes how standard and 
special Formica materials have been 
used by a wide range of manufacturers. 
It was prepared to acquaint people in 
the electrical and electronics industries 
with Formica’s many uses. Formica 
Corp. 
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3-TURN POTENTIOMETER—F our-page 
data sheet 54-15 gives detailed informa- 
tion on 3-turn precision potentiometer, 
the Series 9300. Series 9300, a 1!%¢ in. 
diam potentiometer, has a range of re- 
sistance from 100 te 195,000 ohms. In- 
cluded are specifications, special modi- 
fications available, standard coil 


ELECTRICAL MANUFACTURING 














kKansteel 


ELECTRICAL 
CONTACTS 


Rg LL since 1914 Ps = ) o 





o 
_ 
SERVICE oy 







engineer mg help that’s 
available when you need it, 


reliable when you get it! 


BU Tera reie eae 


ae ss Saas a ae 


Pa yo 


FEBRUARY 1958 Circle 279 on page 17 281 








wees SCw Ve Pegs 87 





for 


MAXIMUM PERMEABILITY 
and 


TIGHTEST TOLERANCES: 


ferrite 
recording head cores 


for electronic computer 
memory drums 
ay 


The specially manufactured ferrite material of FXC recording head 
cores (Ferroxcube 3C, 101, 3C2 and 3E formulations) gives ex- 
tremely high working permeability. Exclusive Ferroxcube machin- 
ing techniques permit unprecedentedly close-tolerance air gaps 
and outstandingly fine finish, exceeding the most exacting com- 
puter requirements. There is a Ferroxcube applications engineer 


ready to analyze with you your own specialized needs and give 
his recommendations. 


Write for literature describing standard sizes available from stock, exact 
permeability values and number of turns required for any given inductance 


FERROXCUBE CORPORATION OF AMERICA 
50 East Bridge Street, Saugerties, New York 
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information, and dimensional drawings. 
Helipot, Div. of Beckman Instruments, 
Inc. 
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HOW TRANSISTOR IS MANUFAC- 
TURED—Brochure is available to show 
exactly how the germanium-alloyed 
junction transistor is manufactured. 
With the help of 15 photographs and a 
flow chart, this 8-page brochure shows 
the step-by-step operations in the pro- 
duction of the transistor from raw ma- 
terial to finished product. General 
Transistor Corp. 
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TIME DELAY RELAYS—Bulletin AWH 
TD-502 describes a line of subminiature 
hermetically-sealed time delay relays 
designed for aircraft, missile and rocket 
applications. Bulletin contains a photo- 
graph of one of these units, along with 
charts on the tolerances on time delay, 
approximate weights, wiring diagram, 
and outline and mounting dimensions. 
Also tabulated are basic military speci- 
fications which these units wHl meet. 
The A. W. Haydon Co. 
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SHAFT-MOUNTED POSITIONING 
GEARMOTORS—Fizght-page Bulletin J- 
101 includes information on the Shaftrol 
and Valvetrol shaft-mounted positioning 
gearmotors for valves, drives, pumps 
and other applications. Specifications 
on a new digital control system for 
machine tool positioning and for proc- 
ess control, are presented. The Jordan 
Co., Inc. 
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ELECTRONIC AND ELECTRICAL COM- 
PONENTS — Seventy-five page Catalog 
600 describes CTC’s electrical and 
electronic components with detailed 
specifications and actual size illustra- 
tion. The products include many new 
varieties of solder terminals, terminal 
boards, hardware, insulated terminals, 
coil forms, shielded coil forms, coils, 
and capacitors. Cambridge Thermionic 
Corp. 
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BOBBINLESS PRECISION WIRE FIXED 
RESISTOR—Data Sheet 170 illustrates 
and gives full technical details on the 
new line of smaller space factor, more 
stable bobbinless precision wire fixed 
resistors with the “floating” element. 





Manufacturers of ferrite cores for recording heads, magnetic memories, TV flyback transformers, 


Eleven standard rectangular types and 
pulse transformers, filters, inductors and high frequency shields and power transformers. 


4 standard tubular types are illustrated 
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THE MODERN TOOL...AT WORK FOR MODERN INDUSTRY 


For all the 
advantages™ of 
plastic electrical tape— 





or the 
—economy of 
cloth tape... 





...bring your insulating problem 


If you have an insulating problem, your Polyken {to 
representative can probably solve it. He carries a 

line of electrical tapes with a multitude of uses, 

and he knows how they should be used. 


® 

Look in the Yellow Pages of the phone book for © 

the Polyken Industrial Tape Distributor nearest O = rn 
you. Or write to the Polyken Sales Division, 309 


W. Jackson Blvd., Chicago 6, Illinois. 
ELECTRICAL TAPES 


* Advantages of Polyken polyethylene and vinyl tapes: 


Time-saving - Neater splice Te KEN DALAL comranv 
Conformable - Less bulky eer ae 
High dielectric strength - Waterproof Po ly ken Sales Division 
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A short design course guaranteed to save a lot of grief—and money! 


You could memorize these and thousands more de- 
sign tips on the best use of rivets—but don’t! Much 
simpler to call on Milford for the right answers to all 
your riveting design and application problems. Saves 
time and money, too. Full-tubular, semi-tubular, 
split, cutlery, decorative—Milford makes them all 
from any metal or alloy that can be cold-formed, 
then adds a wide variety of platings and finishes. 


To improve product appearance and strength 
... totake full advantage of automatic assembly 
... to cut delivery time and production costs 


—get in touch with Milford first! 


tae 


\\MILFORD RIVET 
| & MACHINE co. 


MILFORD, CONNECTICUT @ HATBORO, PENNSYLVANIA 
ELYRIA, OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF, 
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and their wattages, dimensions, resist- 
ances and performance characteristics 
eiven. Chicago Telephone Supply Corp. 
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MECHANICAL SHAFT SEALS —1 welve- 
page brochure entitled, “Solving the 
Problems of Seals for Rotating Shafts” 
explains the principles of mechanical 
shaft sealing. and describes and _ illus- 
trates the basic ¢ omponent parts of such 
seals, with comment on variations pos- 
sible for solving different sealing prob- 
lems with greatest efficiency. Rotary 
Seal Div., Muskegon Piston Ring Co. 
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ULTRASONIC TEST TECHNIQUES 
Profitable applications of ultrasonic 
inspection methods and equipment to 
quality control, production testing and 
preventive maintenance are described in 
the booklet, “Inside Information on 
Ultrasonic Testing.” The booklet ex- 
plains how the technique reduces or 
eliminates waste by preventing the 
machining of faulty materials, insuring 
product quality and maintaining ma- 
chinery in safe-operating condition 
Sperry Products, Inc. 
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POWER SUPPLY—Illustrated specifica- 
tion bulletin 3000-7 describes the Model 
683 high-voltage power supply and 
covers principles of operation, gives sug- 
gested uses for the ultra-stable power 
supply, and lists detailed electrical and 
mechanical specifications. Victoreen In- 
strument Co. 
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FLUORESCENT LAMP BALLASTS 

Cross-index replacement guide for 
fluorescent lamp ballasts lists more than 
120 type numbers, with electrical rat- 
ings of ballasts made by five major 
manufacturers. Included are the num- 
ber of lamps, lamp wattage, line voltage 
rating and manufacturer code number 
for pre-heat ballasts, trigger-start bal- 
lasts, rapid-start ballasts, high output 
rapid-start ballasts and line of Slimline 
ballasts. Universal Manufacturing Corp. 
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HIGH TORQUE ACTUATOR MOTOR-— 
High torque motor featuring split-sec- 
ond starting and stopping with starting 
torque equal to running torque is de- 
scribed in a detailed engineering bul- 
letin. The actuator motor operates at 
temperatures up to 500 F at 60 or 400 
cycles a-c, as well as pulsating d-c. It 
is basically a compact, lightweight a-c 
rotary solenoid with a vibrating rate 
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PANEL METERS 
We 
\ LONG 
200° 
SCALES 


First with a comprehensive line of ruggedized d-c and 
a-c panel meters, Weston now provides these instru- 
ments in the popular 32” size with long readable scales, 
higher accuracy, improved sensitivities and superior 
ballistic characteristics. Designed to meet, and surpass 
in scale length and accuracy, all requirements of MIL- 
M-10304A. They incorporate all Weston ruggedized 
design features including integrally molded and bonded 
shock mounting plates; shock-absorbing spring-backed 
jewels; screw driver type zero correctors, front sealed; 
anti-static treated plastic sealed windows; self shielding 
etc. For all the facts, consult your nearest Weston repre- 
sentative, or write—Weston Electrical Instrument Cor- 
poration, Newark 12, New Jersey. 


WESTO 





o 


“ 
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A DAYSTROM UNIT | 


(for #22 thru #8 wire — 750 volts — contacts on 7/4" centers ) 
Any number of circuits,— assembled without fastening hardware 


Complete blocks or separate sections 


Direct or channel mounted BUCHANAN 


. * ELECTRICAL PRODUCTS 
Integral or separable marking strips CORPORATION 


MILL SIO, NEW JERBev 


Contacts for stripped or terminal-ended wires 


3M1 
In Canade 
Fanning Strips available GASACCUMULATOR CANADA, LTD 
12 GOWER ST., TORONTO 16, ONT 
Send for Bulletin M-2 Se - — 
100 E 42nd ST NEW YORK, N.Y 
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WATERPROOF 
MOLDED COILS 


Molded from the new epoxy 
resins, the coils are imper- 
vious to water, oils, dust, 
acids, alkali solutions and 
water base hydraulic fluids. 


The windings are completely 
encased in the thermoset- 
ting resin by incorporating 
the unique design of a core 
tube fabricated from the 
same resin as is used in the 
encapsulating process. 


Coil windings are currently 
being molded in green, 
black, red, and blue colors, 
and all four colors are rec- 
ognized by Underwriters’ 
Laboratories as_ insulating 
materials for general pur- 
pose application 105° C. 
Class A requirements. 


Write Dept. E For Complete 
Details 


DELUXE COILS, INC. 
Post Office Box 364 . kel Td Me Tit hile| 
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of 120 cps when operated on 66 cycle 
a-c. The Viking Tool and Machine 
Corp. 
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HIGH-TEMPERATURE ALLOYS Two 
28-page properties booklets are avail- 
able for “Haynes” alloy No. 25 and 
“Hastelloy” alloy X. Both booklets con- 
tain sections on physical properties, 
short-time tensile data. and stress-rup- 
ture and creep data. A separate section 
of each booklet describes methods for 
welding. forming. and machining each 
alloy. The booklet on “Hastelloy” alloy 
X includes information on the 

ance welding characteristics of 

lov. Haynes Stellite Co.. Dis 

Carbide Corp 
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STABILIZED D-C INDICATING AMPLI- 
FIERS— Specifically designed tor low 
level d-c measurements of voltage 
current. stabilized d-c indicating 

fiers are used in both researc! 

duction testing. Two-page 

vives examples of such Appl 

output measurement of st 
thermocouples. photot bes 

other devices. Described are 

the amplifiers as a 

fier. as a direct reading 

as a null detector. Complete 

tions are given in Data Shee 

Leeds & Northrup Co 
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HYDRAULIC FLUIDS 

1300SA. “Selection Ope 
Maintenance of Hvydraul 
Industrial Machinery”. 
characteristics (desirable 
able) of petroleum base 
sistant hvdraulic fluids 
select the best fluid for a give 
to care for it. and what t 
trouble when it occurs Vicker 
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ALL-PURPOSE ELECTRICAL CONTROLS 
T welve-page Bulletin 106 describes 

all-purpose electrical controls known as 

Versatrols. suitable for use wit 


tually any detectable variable. Inclu 


are applications of the most 
Versatrol circuits. both 

limit. including the new | 
overload control Assembly Pro 


Circle No. 669, Reader Inquiry Service Cards 
on page 17 


ACCEPTED METHODS FOR ASSEM- 
BLING CONNECTORS \fanual C4. new 
edition of the “OK Methods Manual.” 
is designed to further the eceptance 


of good assembly practices. It contains 


FLECTRICAT 





DESIGN ENGINEERS! ELECTRICAL ENGINEERS! REPAIR SHOP FOREMEN! 
LOOKING FOR A LINE OF U. S. NAVY-APPROVED INSULATING OR FUNGICIDAL VARNISHES ? 


"HERE IT IS! 


A Complete Westinghouse Leadership Line of Military- 
Approved Insulating and Fungicidal Varnishes for 
Original Equipment Manufacturers and Repair Shops. 


MIL-V-1137A—INSULATING 


GRADE TYPE MILITARY DESIGNATION 
B-161 Clear Baking 
B-163-N Clear Baking 
B-166-1 Clear Baking 
B-222-N Clear Air Drying 
B-340-N Black Baking 
B-451-N Black Air Drying 


*Also approved for Type AN 


Grade CB, Type M 
Grade CB, Type M* 
Grade CB, Type M 
Grade CA, Type M* 
Grade BB, Type M* 
Grade BA, Type M 


MIL-V-173A—FUNGICIDAL 


B-219-F Clear Air Drying Type Il 
B-220-F Clear Air Drying Type | 


you CAN BE SURE...iF ITS 


| Westinghouse 


EAE ASE OCEES Ai <8 F 
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Whether you’re designing, manufacturing, or re- 
pairing military electrical apparatus, or whether 
you simply need quality insulating or fungicidal 
varnishes or enamels for critical applications, you 
can’t do better than the Westinghouse Leadership 
Line of insulation materials, field proven in over 
100 million applications! 

The chart at left shows some of these remarkable 
products, approved by the U.S. Navy. For com- 
plete information, call your nearest Westinghous< 
branch or write fur your free copy of the 8-page 
Leadership Line Catalog of insulating materials. 
Just fill out the coupon below. 


Westinghouse Electric Corporation 
Benolite Plant 


Manor, Pennsylvania 
Please send free copy of Leadership Line Catalog. 


Name 
Title 
Firm 
Address 


City 
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IMPULSE 
LATCHING 


Features an insulated rocker arm 
activated by a single coil, instead of the 
usual two. Ideal for machine controls, appliances, positioning 
devices, remote TV controls and other applications where opposite 
switching is desired each time circuit is pulsed. Contact combinations 
up to 4 “C’”’; rated 724 amperes @ 115 V. AC resistive. 


Suitable for use in a wide range of applications. For AC or DC operation. 
Compact size, lightweight. Shock and vibration resistant. Positive 
contact pressure. Contact combinations up to 3 “‘C’’. Contact 
rating, 5 amp. resistive with 5/32” dia. (10 amp. with 3/16” dia.). Available 
open, or in plastic dust covers with plug-in feature, as illustrated. 
Send For Details 


f 
+i 


Atha | 


a i 


Si 


ih Ss ese 
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: GENERAL PURPOSE 


| | RELAY 


RELAYS + SOLENOIDS + COILS + SWITCHES HERMETIC SEALING 
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l4 pages devoted to AN, miniature AN, 
power, audio microphone and r-f{ con- 
nectors. Wire preparation and solder- 
ing techniques are also illustrated and 
discussed. Amphenol Electronics ¢ orp. 
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STAINLESS STEEL FASTENERS Fight- 
page condensed guide to stainless steel 
fasteners contains thirty-seven different 
types of standard fasteners illustrated 
in a comprehensive brochure. Screws, 
nuts, bolts, washers, rivets, and gov- 
ernment specification AN fasteners are 
included. Allmetal Screw Products Co., 
Inc. 
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THERMOSETTING LAMINATED PLAS- 
TIC SHEETS Loose-leaf catalog de- 
scribes thermosetting laminated-plastic 
sheets for printed circuit and similar 
uses. Included in the catalog is a com- 
plete materials list for quick identifica- 
tion of each product by NEMA grade. 
resin and base, and significant char- 
acteristics. There are also detailed tech- 
nical data sheets and price lists for such 
products as epoxy-glass (both standard 
military and high-resin flushing types). 
epoxy-paper, and cold-punching phe- 
nolic-paper. New England Laminates 
Co., Inc. 
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Manufacturers’ 
Publications 


For these selected publi itions 

rials, components, technical 
engineering services, write dire& 
manufacturers on company 
mentioning ELECTRICAL MANUFACTUI 
is your source 


SYMPOSIUM ON RADIATION EFFECTS 
ON MATERIALS — This symposium is 
the first of a series sponsored jointly 
by ASTM Committee E-10 on Radioiso- 
topes and Radiation Effects and the 
Atomic Industrial Forum. It was pre- 
sented at the ASTM 2nd Pacific Area 
National Meeting. Los Angeles. Calif., 
September, 1956. The symposium is 
divided into three parts: (1) Theory of 
Radiation; (2) Radiation Facilities and 
Mechanics of Testing; (3) Experi- 
mental Tests and Results on (a) fuel 
and graphite materials, (b) structural 
materials, including organics. 

The data and evaluations presented 
are made as a contribution to the un- 
derstanding of existing code and speci- 
fication values as they apply to nuclear 
reactor structures and components. 

The symposium will be of special 
value to those interested in the design 
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BONDWICH 
SILVER BRAZING ALLOY 


SHIM BASE METAL 
SILVER BRAZING ALLOY 


COPPER CLAD STAINLESS STEEL 


COPPER FOR BRAZING 


STAINLESS STEEL 


SILVER OR GOLD 
BRAZING ALLOY 


BASE METAL 


General Plate can supply Here’s how you benefit by using these metals — 
you with many clad metals ; 
made specially for brazing e 100% coverage because brazing metal is comple 
... copper clad stainless steel, metal 
silver brazing alloys, clad :, 
'e ; Low assembly costs 
stainless and non-ferrous s i. 
being joined 
metals. Also, soft solders eee 
clad on nickel and copper. No excess of brazin; 
All are made by permanently 


. ee en : et 
bonding asolid layer of brazing Stronger joint 


metal on one or both when separate bri Zl 
sides of tk > parent me al 
oe 

which can of either base, 


> ’ »2lad motal . : . ° 
Precious OF Clad Metal. General Plate can furni 


brazing alloys to fill y 


stun tamene tans METALS « CONTROLS i co R PO RAT! ON 


clad metals. General Plate Division l orest Street, Attleboro, Mass. 


FIELD OFF ES: NEW Y K 
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and operation of nuclear reactors. Fol- 
lowing the introduction, the three parts 


PROVEN contain a total of 16 papers, most of 
: them accompanied by discussion. The 
PERFORMANCE 7 


book contains numerous tables of data 
AT P . and is well illustrated with photographs, 
p diagrams and graphs. Several of the 


70 000 FT ’ ¥ ; papers have bibliographical references. 
J . \ 


Copies may be obtained from the 
TO SEA LEVEL . American Society for Testing Materials, 
1916 Race Street, Philadelphia 3, Paz, 

aH 


at $4.75 a copy. 


MAINTAINS 


. FASTENER HANDBOOK -—— Comprehen- 
CONSTANT sive handbook entitled “Fastener Fact 


COOLING File” contains complete design and 
EFFICIENCY purchasing information on rivets and 


riveting machines. The book, which 
contains 42 pages with many illustra- 
tions. also includes an evaluation ques- 
tionnaire, which permits users to easily 
determine which type of fastener to 
incorporate. and a_ rivets standards 


chart. Requests for copies may be 





made only on letterhead to Judson I 
Thomson Manufacturing Co.. Waltham 


Mounting: 24/2” 54. Mass 


across flats 


TRANSISTOR INDEX—\ Transistor In- 
dex has been introduced to facilitate 
selection of the optimum transistor for 


a given application. This method utilizes 


punched cards which contain pertinent 
AeW IMPROVED HIGH SLIP MOTORS DRIVE transistor data. Transistor selection is 
rapidly obtained by manual needle 

COOLING FANS AT VARYING ALTITUDES 


sorting on the basis of desired para- 
meters. Thus. no machinery of any kind 
is required. This method eliminates the 
frustration of searching through vol- 


umes of data sheets. It also provides 


New, improved, high-speed, high- _—— central transistor fil 

slip motor design changes speed with rhe Transistor Index provides rapid 
lower densities (higher altitudes) to access to a large quantity of intorma- 
maintain constant cooling efficiency tion and yet, is simple to use. The cost 
These high-slip motors are rated at a of the index is $25.00. A quarterly sub- 
minimum of 1,000 hrs. @ 125° C.; scription service is also available at 
longer life expectancy at lower ambi- $15.00 per year. For further 
ents. Choice of 400 cps or Variable at 
1 ©, or 400 cps at 3 ©. Prototypes 
delivered in 2-6 weeks; Production 
deliveries 6-8 weeks. Circle card for 
data sheets and performance curves. ELECTRONIC CHEMICALS—A 28-pay: 


technical bulletin covering the use of 


informa- 
tion. write to Zeus Engineering Corp 
635 So. Kenmore. Los Angeles 6, Calif 


electronic chemicals concerns such 
chemicals as oxide cleaners, cements 
resin sprays, varnishes and others. A 
brief description of each product in the 
line is given. along with the technical 
specifications and other information 
The booket will be of value to all those 





=: . ™ = a a, “gr on the use x 

e these chemicals. t wi save time ant 

air-marine motors, inc. money by outlining more clearly the 

area of usefulness of the products and 

AMITYVILLE, NEW YORK - LOS ANGELES. CALIF ieealien weliaie iets sultans aad tn 
efficiency. 

The book, entitled “Electronic Chem- 
icals.” is available at a list price of 
$1.00 through parts jobbers. Further 
information may be obtained from the 
General Cement Mfg. Co. (Div. of 
Textron Inc.). 400 So. Wyman St.. 


Rockford, Tl. 
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worewe euvvw vee Pwoew~ — 


PRECISION-ENGINEERED CONTROL SWITCHES 
TO MEET YOUR DESIGN 
REQUIREMENTS 


| 


Terminals designed for use 
Fg te with either screws or female 


fy : ARK-LESS or AMP type push- 
SS & on tobs. 
oe 
A Featuring Circle F 


ke 
a “f ‘Fine’ SILVER CONTACTS 
. “~ designed to reduce arcing on slow- 
10 Ame 250 v ac) make, slow-break AC and insure long, 
¥, H.P. 120-240 V. AC L-52-P illustrated dependable switch life. 


L-40-A 

a ; | Now Circle F offers new economies to design engineers through the use of 
standard medium-duty, one-hole switches, available for modification to meet 
particular specifications. 
New standards of quality-controlled manufacture permit these precision- 
engineered switches to be “custom-made” and delivered in production 





quantities in less time and at the lowest possible cost. 








Write Department MAfor full information and engineering assistance. 


FLUSH MOUNTING, SNAP-IN 
CONVENIENCE OUTLETS 
AND SWITCHES 


| 
< 


f* # @) 
~~ 
~ 


Y 


ih “* M-2230-H illustrated 


Fe 


No. 438-L 
ACTUAL SIZE 
15 Amp 125 Volt 


FAST, EASY SPRING CLIP INSTALLATION 
Listed by COMPACTLY DESIGNED — COMPETITIVELY PRICED 


Underwriter's - - a ‘ 
F Ideally-suited for bathroom fixtures, medicine cabinets, ranges, and other 
Laboratories, Inc. 


and corified by electrical appliances. Snap-in Convenience Outlets and Medium-duty Switches 


Canadian Standards are rated 15 amp, 125 V. Clip will accommodate wall thicknesses of .025” to .095”. 


Association 


CIRCLE F Mig. Co. 


731 MONMOUTH STREET, TRENTON 4, NEW JERSEY 
IN CANADA: VERD-A-RAY ELECTRIC PRODUCTS LTD. MONTREAL 
For your wire requirements: Eastern Insulated Wire Corp. 

(A Subsidiary) 

Box 591, Trenton, N. J. 
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Industrial 
Series 1000 — 
External rings 





é Industrial 
er Series 2000 — 
External rings 





Industrial 
Series 3000 — 
Internal rings 





Industrial 
Series 3100 — 


External rings 





INDUSTRIAL 


RETAINING RINGS 
cut costs, 
simplify assembly 


Precision-engineered INpusTRIAL Retaining 


tings ... internal, external and open types 


4 


. are available in a wide selection of size 


s 


and finishes. Solve your fastening problem 
simply and economically with the rings 
that cut machining and tooling expense, 


save material, simplify and speed assembly. 


1 


Series 1000 and 2000 are available stacked 
for quickest application. 


Write for free 


ring samples and catalog. 


Originators of 


modern retaining ring 





dispensing 


INDUSTRIAL RETAINING RING COMPANY 


Dept. EM-2, 57 Cordier Street 
Irvington 11, New Jersey 
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Editorial Reprints 





As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELectricaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 

The numerals shown in reprint list- 
ing correspond to the number shown on 
postcards incorporated in the Reader 


Inquiry Service Cards beginning on 


page 17. Readers should circle those 
numbers indicating the reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated. Remittances must ac- 
company all orders. Larger quantities, 
special quotation. 

Cost of 


Single Subject Reprints 


No. of Numbers of pages 
Reprints 412 16.32 
] Gratis Gratis 
5 $2.00 $3.75 
10 3.50 6.00 
25 7.50 12.50 





REPRINTS NOW AVAILABLE 


Designing Minimum 
netic Cores. February 1955, §& 
pages. A straight-forward proce 
dure for minimizing the combined 
weight of core, case and coil for a 


Weight Mag- 


given volt-second capacity—can_ be 
extended to include weight minim 
ization of power supply and other 
related components. Three exam- 
ples given (706) 
Evaluation and Applications for Fiber- 
Insulated Magnet Wire. Februar 
1958, 12 pages. Characteristics and 
application areas of various types of 
fiber-insulated, film-insulated and 
composite-type magnet wire. Com- 
mercial identifications 
Standards are listed. Comparative 


advantages and 


given. 


disadvantages of 
various types are discussed. Among 
insulating materials analyzed are 
newer materials such as glass fiber 
Dacron p ilvester yarn, nvlon yarn 


Mylar polyester film 


tos p l 
to paper. 


ind Quinterra 
ishes (707 


Cryogenic Devices in Logical Cir- 
| 


cuitry and Storage, February 1958 
§ pages. This article presents a 
review of superconductor funda 


mentals and = current application 
1 

and d velopment trends for crvo 

genie ymponents In computer logic 


and storage circuits (711) 
The Anatomy of Automation, January 

and February 1958 90 pages. The 
broad gene ral irea ot “automation” 
is classified into four major sections: 
basic elements; manufacturing (ap- 
plied energy (applied in 
mechanized mental 


control 
formation) ; 


operations 
Definitions 


applied intelligence 

examples and discus 
117 key automation terms 
are organized into 18 sub-classifica- 


tions, (727 


s1ons ot 


) 


Foamed Plastics for Structural Func- 
tions in Electronic Equipment. Jan- 
uary 1958, 8 pages. This article 
describes use of sandwich-type ele- 
ments made from foamed plastics 
in mechanical parts, such as mount- 
ing plates, in equipment, such as 
airborne electronic systems, where 
severe vibration and other severe 
environmental conditions apply. Use 
of foam embedments as an as- 
sociated technique is also described. 


(709) 


Design Advances from Magnetism Re- 
search. January 1958, 16 pages. 
Commercial significance and design 
promise of new developments in 
soft magnetic alloys, particularly 
cube-oriented silicon-iron for power 
equipment; permanent magnets, in 
cluding design techniques for cur 
rent and soon-coming new materi- 

als; thin magnetic films and other 

promising candidates for computer 
memory ferrites 
and the revolution in microwave 
techniques and magneto-optics—as 


devices garnets 


disclosed at the 1957 AIEE Con 
ference on Magnetism. (704) 
Research Progress in  Dielectrics— 


1957, December 1957, 12 pages. 
Annual on-the-spot staff review of 
the meeting of the Conference on 
Electrical Insulation (National Aca- 
demy of Sciences—National Re- 
search Council). Subjects discussed 
include: Materials for severe tem 
perature and other environmental 
FLECTRICAI 
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. = MOTOR CONTROL 


THE 1,500 LB. "MASTER" MANUFACTURED BY THE MILLER LAUNDRY 
MACHINERY COMPANY; DETROIT, MICHIGAN; INCLUDES CUTLER- 
HAMMER CONTROL AS STANDARD EQUIPMENT. 


THE HIGH SPEED WALLBOARD SAW AND EDGE STRIPPER 
BUILT BY THE BRACKETT STRIPPING MACHINE CO. IS 
EQUIPPED WITH CUTLER-HAMMER MOTOR CONTROL. 


a 


rn" 


a 


= 


THE LEWIS MACHINE COMPANY'S "TRAVEL-CUT" WIRE 
STRAIGHTENING AND CUTTING MACHINE USES 
CUTLER-HAMMER THREE-STAR MOTOR CONTROL 
AND HEAVY DUTY OIL-TIGHT PUSHBUTTONS. 


BOTH THE WALKER-TURNER AND DELTA POWER TOOL 
DIVISIONS OF THE ROCKWELL MANUFACTURING COM- 
PANY INCLUDE CUTLER-HAMMER CONTROL COMPO- 
NENTS AS STANDARD EQUIPMENT ON THEIR MACHINES. 


Prefe 2CUCE 


Among the numerous manufacturers of every type of 


machine made there are always a certain few who are 
recognized as leaders. These leaders have won success 
because of the excellence of their product. Basic to 
such excellence is sound engineering, and sound engi- 
neering invariably means the utmost discrimination in 
the selection of components for inclusion on their ma- 
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For “lhe Stars 


chine. Able engineers respect able engineering. And for 
this reason Cutler-Hammer Three-Star Motor Control 
and Control Accessories are so frequently the repeated 
choice of the leaders, and the mark of better machines. 
CUTLER-HAMMER Inc., 1264 St. Paul Avenue, 
Milwaukee 1, Wisconsin. Associate: Canadian Cutler- 
Hammer Ltd., Toronto. 
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@ THYRITE: VARISTORS 
CUT SURGE VOLTAGE 


OVER 9X APPLIED PEAK, VOLTAGE 


FROM 9 TO 3 TIMES 
APPLIED PEAK VOLTAGE 


3 


alas 3 X APPLIED PEAK VOLTAGE 





ON 115-V CIRCUITS 


Sudden interruption in inductive 
current causes surge overvoltage, 
arcing, and high-frequency oscilla- 
tion. Oscillograms (above) show 
how effectively G-E Thyrite varis- 
tors can limit these effects. 

Without a Thyrite varistor (Fig. 
1) in the 115-V circuit, surge volt- 
age is 9 times applied peak voltage. 
With it (Fig. 2), surge voltage is 
limited to 3 times peak voltage 

With little current drain, they 
reduce surge voltage and arcing by 
offering low resistance at peak cur- 
rent . . . discharge circuit energy 
faster by offering higher resistances 
instantaneously as current decays. 

G-E Thyrite varistors are avail- 
able for components rated from 6 
volts to 4000 volts. 

For more information, or Thyrite 
varistor test kits, write: Magnetic 
Materials Section, General Electric 
Company, 


Edmore, Michigan. 


THYRITE VARISTOR KITS 


= 


Kit No. 1: Yo" dia. disks—2 each Kit No. 2: %" dia. rods—2 each of 
of 6 ratings (6V to 11SV—.1w) 5 ratings 115V to 4000V— .25w); 
color coded with connecting leads color coded with connecting leads. 
Price: $5.00 Price: $5.00 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


“Thyrite” is a trademark of General Electric Company 
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7804 N. Neff Ave., 


conditions in supersonic missile and 
aircraft applications; radiation re- 
sistance of silicones; degradation of 
Mylar film; insulation life of flexible 
insulation; mechanisms of electrical 
failure; “treeing” in polyethylene 


cable. Table and graphs. (712) 


Design and Application of Hysteresis 
Clutches, December 1957, 16 pages. 
Advantages of hysteresis clutches 
for control and instrument purposes 
are evaluated, and important cir- 
cuits analyzed. Complete details of 
electrical and magnet design of 
these clutches are presented, includ- 
ing altitude operation considera- 


tions. (733) 


New Procedures for Designing Linear 
and Swinging Chokes. December 
1957, 8 pages. A simple, widely- 
usable procedure to save time in 
the design of linear and swinging 
chokes is described and illustrated 
with specific examples. Complete 
design data and curves, verified by 
use in a design organization, are 


given. (702) 


Design of Cooling Fins for Semicon- 
ductors, November 1957, 8 pages. 
Removal of heat from semiconduc- 
tor devices is accomplished pri- 
marily by providing increased sur- 
face area. The geometry, material 
selection and dimensions of cooling 
fins for this purpose depends upon 
numerous factors. Calculation meth- 
ods with convenient nomograms are 
presented for direct use in the de- 


sign of fins. (710) 


Analysis and Elimination of Corona 
Effects, November 1957, 8 pages. 
A discussion of the causes that lead 
to corona with examples of specific 
procedures, such as changes in con- 
figuration, to eliminate corona ef- 
fects. Test methods for detection 
and location of corona are also de- 
scribed (701) 

Housing Design for Centrifugal Blow- 
ers, November 1957. 8 pages. Effect 
of three major factors in housing de- 
sign for single-inlet impellers of the 
squirrel-cage type are considered: 
scroll shape, housing width (with 
respect to blower width), and 
geometry of inlet ring. Test data are 
analyzed as basis of choice of these 
design parameters. (705) 


Evaluation of Enameled Magnet Wire 
And Applications, October 1957, 
20 pages. A detailed review of the 
major types of enameled magnet 
wire, with properties appraised 
relation to specific areas of product 
application. Types of wire reviewed 
include those with plain enamel, 
Formvar, nylon, nylon-Formvar, 


polyester, Teflon, Tetlon- 
acrylic, and polyurethane. Detailed 
tables of properties, application 
areas, advantages and disadvan- 
tages of specific types, trade names, 
and applicable standards. (729) 


epontes, 


New Relay Forms for A-C Operation, 
October 1957, 8 pages. Discussion 
of the disadvantages of existing a-c 
relays and of the methods of using 
d-c relays on a-c. Two basically 
new forms of relay for intrinsic a-c 
use developed at the Naval Air 
Development Center are described, 
with details of their development 
including methods of magnetic cir- 
cuit analysis. (722) 


Effects of Nuclear Radiation on Elec- 
tronic Components, September 
1957, 8 pages. Detailed experi- 
mental data on electronic compo- 
nents that have been operated and 
tested in gamma and neutron fields 
by Admiral Corporation under an 
Air Force research contract. Spe- 
cific components tested include: 
insulated wire; resistors wire- 
wound, composition, carbon film, 
and stannic oxide film); capacitors 
(mica, ceramic, glass, paper, and 
plastic); vacuum and _ gas-filled 
tubes; germanium and silicon di 
odes; printed circuit boards. 


(732) 


Transistor-Magnetic Amplifiers, Sep 
tember 1957, 8 pages. Seven com- 
bination circuits: three a-c servo 
amplifiers; pulse-width modulated 
d-c switch; d-c to a-c servo ampli- 
fiers; a-c to d-c regulated power 
supply; low-level d-c harmonic- 
type amplifier. (728) 


Thermal and Acoustical Insulation 
Problems. August 1957, 8 pages. 
Newer types of thermal insulation 
are reviewed, particularly in rela- 
tion to current requirements in ap- 
pliance design. Applications are 
discussed in refrigerated equipment; 


ranges; water-heaters; air condi- 
tioners; and home laundry equip- 
ment. Materials discussed include: 


improved types of fibrous glass; 
gas-filled insulation; cellular or 
foam plastics; molded fibrous glass. 
Acoustical design problems are also 
analyzed and applications of fibrous 
glass described. Property charts; 
temperature analysis charts; appli- 
cations illustrations. (723) 


Numbering Systems, September 1957, 
8 pages. An easy-to-read but stimu- 
lating discussion of the concept of 
number and the basic arithmetic of 
positional numbering systems with 
any base: binary (2), ternary (8), 
quaternary (4), quinary (5), deci- 
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Mining motors 


vir pesyy ff 


for heavy-duty mine equipment 


depend on performance-proven 


ROCKBESTOS A.V.C. 


In building motors for heavy-duty coal mining 
ch | 419 rr 
machinery, leading 
pend on perform 


A.V.C. Motor Lead 


For example 


Manufacturing 


able has 
ince-proven in mill motors 


cist aAnr r in 
luty stationary and traction- 


You, too, can get trouble-free wire perform- 
ance by specifying and using Rockbestos A.V.C 
Motor Lead and Apparatus Cable. Remember, 
it'll keep its flexibility indefinitely — won't rot 
or bloom when exposed to grease — won't 


burn or carry flame. 


Write today for full details — ask for Specifi- 


cations RSS-98 
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ROCKBESTOS 


PRODUCTS CORPORATION 


NEW HAVEN 4, CONNECTICUT 
NEW YORK, CLEVELAND, DETROIT, 
CHICAGO, PITTSBURGH, ST. LOUIS, LOS ANGELES, 
ATLANTA, DALLAS, OAKLAND, SEATTLE 
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mal (10), duodecimal (12), also 
coded decimal numbers. A needed 
background for computer and nu- 
merical control system design. 


(703) 


Minimizing Partially Developed Relay 
Tree Circuits. August 1957, 8 
pages. In a fully developed relay 
tree (all possible outputs utilized) 
the number of transfer contacts is 
determined by the number of re- 
lays—regardless of circuit arrange- 
ment. But if all outputs are not 
utilized, the number of transfer 
contacts can vary according to the 
way the circuit is designed. Article 
presents unique graphical method 
for “mapping” circuit arrangements 
with a minimum number of transfer 


contacts. (719) 


High-Precision Electromechanical Lin- 
ear Measuring Systems, August 
1957, 16 pages. A critical evaluation 
of accuracy, linearity, resolution 
and sources of error in position- 
measuring transducers for closed- 
loop machine-tool controls: differen- 
tial transformers and capacitors; 
linear potentiometers; ultrasonic 
systems; lead screws and_ rack 
systems with rotary signal pickoffs; 
optical systems; digital scales; Pratt 
& Whitney “Electrolimit;” Farrand 
“Inductosyn;” Canadian Westing 
house “Nultrax.” (725) 


Design Procedures for Special Type 
High-Temperature Transformers, 
BARBER-GREENE Depends on , July and August, 1957, 20 pages. 
Baldor Streamcooled Motors f A two-part presentation of step- 
to Power Its Asphalt Batch by-step design procedures for high 
t emperature transiormers oO e 
Mantes & Gor Genveyerst abrir types: transformers with 
Despite the most torturous use, plus x unbalanced d-c magnetization, cur- 
the constant hazard of dust and dirt, rent limiting transformers, current 
Baldor Streamcooled Motors keep limiting transformers with unbal- 
famous Barber-Greene equipment : anced magnetization and vibrator 
operating at top efficiency, supply transformers. (735) 

day after day. 
. Integration of Dielectric Materials, 
This kind of superior performance has Processes, Components, July 1957, 
earned Baldor an enviable reputation 12 pages. On-the-spot staff review 
among many outstanding ee and interpretation of 1957 meeting 
heavy equipment manufacturers. of the Electric Division, Electro- 


chemical Society. Property and ap- 
plication data on fluorinated gase- 
ous dielectrics and _ metal-fiber 
paper. Summary of progress in 
high-temperature dielectrics for 


If you have a power problem that 
demands the utmost in motor 
performance, perhaps Baldor 

can help you, too! 


om 500-C capacitors. Problems in ther- 


mal evaluation and classification of 
insulation. Statistical studies in in- 
sulation life. Tables and graphs are 


included. (721) 


BALDOR ELECTRIC COMPANY 4 , Using Boolean Algebra to Design 


eS ee 1027 
4353 Duncan Ave. St. Lovis 10, Missouri * Static Control Circuits, July 1957, 
Over 400 Authorized Sales & Service Distributors in U.S.A 12 pages. Staff report of Boolean 
algebra design techniques employ- 


District Offices: Atlanta « Chicago « Cincinnati « Cleveland « Dallas « Des Moines » Detroit « Indianapolis ed by an original equipment man- 
Litchfield, Conn. « Los Angeles « Milwaukee « Minneapolis « New Orleans « New York « N. Kansas City, Mo al na . ts ail i 
Oakland © Philadelphia « Portland, Ore ufacturer to translate mechanical 


Find out why you get more with Baldor 
—write for FREE color catalog! 
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TYPICAL PROPERTIES 
OF STEEL OILITE* 
PRECISION PARTS 


Grades 


Fatigue Strength 
Psi) 10,000,000 


reversals 


Ultimate Tensile 
Strength (Psi 


Compressive 
Strength (Psi) 001” 


permanent set 
Elongation in _. 

% minimum 
Brinell Hardness 


Shear Strength 
(Psi 
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A 


. 35,000 50,000 


25,000 80,000 


10 5 
80 140 


27,000 35,000 


120,000 


150,000 


1 
300 


100,000 


3 


Engineers in the 
principal cities in 
US and Canada. 


SINCE 1929 


This kit contains intricate parts used by a score 
r 

of companies who save over $1,000,000 annu- 

ally by specifying Oilite*! 

These companies are typical of many manufac- 


turers of appliances, machinery, automotive acces- 
sories, power tools and other products who enjoy 
the substantial cost reductions made possible by 


Amplex Powder Metallurgy. 


You, too, can have a share in these savings. 
Chrysler-engineered Oilite Precision Parts can 
save you up to 55% or more when produced 
in volume. What’s more, you'll find Oilite powder 
metal parts tough and long wearing. They’re 
available in a large variety of metals and alloys 
to meet required properties. 


Your local Oilite Engineer will be glad to provide 
complete information on any application. Further- 
more, he will gladly survey all the parts you now 
buy for possible cost reductions at no obligation. 
Look for him in the Yellow Pages of your tele- 
phone directory under “Bearings — OILITE” 
or write to Dept. E-2. 


the most trusted name in powder metallurgy 


AMPLEX DIVISIO 
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CHRYSLER CORPORATION, DETROIT 31, MICHIGAN 


BEARINGS © PRECISION PARTS © METAL FILTERS © FR 
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FELLOW VISIONARIANS: Ké&E 
Paper keeps vour originals clear for life.. 
operating costs. 


Albanene® Tracing 
. substantially lowers your 


K&E Albanene has more desirable working qualities than any other 
tracing paper. Its superiority begins with the stock—100% rag paper 
with the longest fiber in the business, made only for K&E. This gives 
Albanene its extraordinary tear strength with the greatest possible 
transparency. Original drawings stand up year after year under re- 
peated reproductions without damage or loss of clarity. 

Albanene is permanently transparentized with an inert synthetic resin 
exclusive with Albanene...accepts pencil and ink equally well. Ink 
lines never spread or feather. What you pay for stays in the paper. 
It will pay you in lower operating costs to specify K&E Albanene®. . . 
the largest selling tracing paper in the world. For other drafting or 
engineering equipment and materials also look to Keuffel & Esser Co 
—your “‘Partners in Creating’’—who have served engineering for 
90 vears. 


ree 
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KEUFFEL & ESSER CO. New York, Hoboken, N.J., Detroit, 


Chicago, St. Louis, Dallas, San Francisco, Los Angeles, Seattle, Montreal 





sequence descriptions into machine 
control circuits of commercially 
available static logic elements. II- 
lustrated step-by-step with actual 
design work sheets detailing the 
evolution of a typical machinery 
drive control] (720) 


Relay Design Targets, June 1957, 12 
pages. Report of the 5th Electro- 
Magnetic Relay Conterence held at 
Oklahoma A & M College in April 
deals with relay design, application 
and testing. Much of the latter has 
to do with selection of relavs for 
reliable extreme 
conditions of shock and vibration, 
such as encountered in missile cir- 


cuits (717 


operation under 


Applications for Glass Materials and 

Components, June 1957, 8 pages 
Glass as an engineering material is 
discussed in three broad classifica 
tions 1) structural applications 
components and 3 spe | 
mater) tls 


purpose Properties are 


summarized, applications analyze 
illustrations id= property dat 
provided. (716) 


Review of Environmental Test Equip- 
ment, May 1957, 5 pages. Points t 
consider in sele¢ ting environmental 

Manufacturers ot 

environmental test equipment an | 

listed for read 
(718) 


test equipment 


their produc ts are 
reterence 


JIC Electrical Standards for Industrial 
Equipment, June 1957, 24 pages 
Revised specifications for the appli- 
cation of electrical apparatus to 

welders and other industrial equip 

ment, as adopted by the Joint In 
dustry Conference held in Detroit 

March 1957. Single 


charge. Multiple quantities obtain- 


reprints, no 


able at the following prices: 5 
$3.75: 10—$6.00: 25—$12.50: 50 
$20.00; 100—$30.00. Send check 
with order payable to The Gags 
Publishing Company, 1250 Sixth 
Ave., New York 20, New York 


(724 


Considerations in Testing Thermistors. 
May 1957, 8 pages. Proper meas- 
urement techniques for design and 
acceptance testing of thermistors 
Methods are described for deter- 

resistance, 


mining voltage, time 


delay, and temperature-resistance 
slope. (715) 
Temperature Rise in Servo Motors. 
April 1957, 12 pages. Data and 
methods for calculating heat losses 
in small servo motors, temperature 
rise specifications, and a discussion 
laws. Ex- 


Tables ot 


transfer 
worked out. 


of basic heat 
amples 
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creative controls for creative industries 


NEW SORENG DOUBLE T DESIGN SOLENOID PACKS MORE PULL 


SHADING RING 
TRI-PODAL PROJECTION 


DOUBLE T PLUNGER 


USE DOUBLE T SOLENOIDS IN 
APPLICATIONS SUCH AS THESE 


Valve actuation 


VALVE /p., € 
_ 
\ Vay Clutch operation — 
n afnes} 


electro-magnetic clutches 


3 


Switch function — 


motor starters, contacters 
PIN OR LATCH ah 
+] 


flow dispenser 
| ~] Hopper 5 


ie iG 
Shutter and damper contro 
} 5 s 


OOO 6 


/ GATE Door locks — 


electric latches 


fA} vs 7 

rue & Interlocks — automation 
epee 8 

enn Mechanical control — 

~_ | CLUTCH levers, pawls, pins, etc 


Electrical brakes — 
band or disc release 


Metering devices — 


—remote operation 


Manufacturers of SORENG CONTROLS 


9551 sSORENG AVENUE e SCHILLER PARK, ILLINOIS 


controls that make modern living possible 


FOR MORE APPLICATIONS 


The inherent design superiority of Soreng double 
T (TT) solenoids makes the big difference. Ex- 
clusive double T plunger construction results in 
more pull at point needed. For constant or inter- 
mittent duty. And Soreng solenoids are more 
efficient — thanks to stable tri-podal seating and 
tightly locked shading rings. 

These features are custom-built in four sizes 
offering 12 stock solenoid models. Available in 
110 V and 220 V. They satisfy virtually any ap- 
plication at production run prices. 


FREE . - - New bulletin and 


handy solenoid selector... YOURS 
for the asking! 


Use the coupon below to order your copy of 
Soreng’s new comprehensive solenoid. bulletin 
containing drawings, power curves, 

technical data and prices. Also 

available is Soreng’s solenoid 

selector . . . a handy short cut 

for matching solenoid to 

application. 


Controls Company of America, Soreng Division 
9551 Soreng Ave., Schiller Park, Illinois 
Please send me: 
New Soreng solenoid bulletin 
Handy Soreng solenoid selector 
Name 
Company 


Address 


[Siete RTA See Ses 
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OIL-TIGHT and DUST-TIGHT 


ELECTRICAL 
ENCLOSU 


All seams 
welded 


Standard sizes 

immediately 
available 

from stock 

















Rolled lip 
adds stiffness, 
improves appearance 


Cover screw clamp, 
easy to operate, 
has no loose parts 






Continuous 
hinge. Door is 
removable. 

Removable 
panel mounted on 
shouldered studs 

Removabie 


ond reversible 
blue print pocket 


Neoprene gasket 
seals out oil, 
water, dust 


SIZES 
SINGLE DOOR Wall-Mounted 
Units. 18 standard sizes 
ranging from 16°x12"x6" to 
60°x 36"x 8" 


NEMA 12 PANEL 
ENCLOSURES 


These handsome units are ideal for housing 


TWO DOOR Floor 
Mounted Units. 8 
standard sizes rang 
ng from 54°x42"x8" 


electrical controls, terminal strips and control 
instruments. Strong, rigid, welded 
construction. Neoprene gasket on door 
protects against dust, dirt, oil, water. No 
knockouts or screw holes. Units are frequently 
used in purged or pressurized systems for 
installation in flammable or dust-laden 
atmospheres. Standard stock sizes, one door 
and two door units. Fast delivery. Made of 10, 
12 and 14 gauge sheet steel. White baked 
enamel interior, gray prime coat exterior. 


Stocked and sold by leading 
electrical distributors 











NEW STANDARD 







PUSH- 















Ji 
CONTROL CONSOLES easvaes al 
Designed especially for industrial Co ei ised BOXES 


use, these cabinets offer the same 
oil-tight and dust-tight advantages 
that feature “Hoffman” enclosures. 
Our standard 14 gauge steel units, 
shipped from stock, save you design 
expense and delivery time. Sloping 
control panel is removable so you 
can drill holes for pushbuttons, etc. 





tight. 14 gauge 
sheet steel. 38 sizes 
in 4 types—Standard 
Extra Deep, Slim, and Pendent 
Made to take from 1 to 25 
pushbuttons of any make 


Welded seoms, 
no knockouts or 
screw holes. 8 sizes. 
Gasketed cover. 14 guuge 
sheet steel. Gray hammertone 
finish. Panel optional 









An additional upright instrument 
panel as well as handy writing desk 
can be added if desired. All units 
have interior sub-panels. All doors Protects electrical wiring 
and panels gasketed. Standard size from oil, water, dust. Gasketed 
is 23"x 17"x 40", or we can build joints and cover. Comes in | to 
to your specifications. 10 foot straight sections, with c 1 . S. 
a ton tee se an also build spe 


and 6” square. cial enclosures to 


Hoffman your specifications. 
ENGINEERING CORPORATION 


Dept. EM-91 ANOKA, MINNESOTA, Phone HArrison 1-2240 





Send for catalog 






SECTIONAL ' 


WIREWAY with complete spec- 








ifications for your 
layout work. We 
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thermal conductivity and heat trans- 
mission included. (734) 


Timed Acceleration of D-C Motors, 


March 1957, 12 pages. Three elec- 
tronic contro] circuits for program- 
ming linear acceleration and decele- 
ration of integral-hp d-c motors in 
closed-loop drive systems: (1) for 
linear acceleration during startup 
only; (2) for linear acceleration and 
deceleration at same rate during 
starting, stopping and speed chang- 
ing; and (3) for linear acceleration 
and deceleration at independent 
rates during starting, stopping and 


speed changing. (713) 


Multiple Reprints 


Multiple Reprints (reprints or com 


pendiums into which are combined 
several separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be ace ompanied 
by remittances. Large quantities, 
special quotations. Address: ELEc- 
TRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N. Y. 


Casting Resins and Application Tech- 


niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and com- 
ponents. Individual articles cover: 
Property data on casting resins; 
Evaluation tests on resin systems; 
Results of environmental tests on 
embedded units; Process control 
problems. An annotated bibliog- 
raphy of articles in electrical insula- 
tion and dielectrics is included. 


$2.00 


Human Engineering in Equipment 


Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 
human engineering written for the 
special needs of the designer ot 
electrically energized machines, 
equipment, appliances and instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 
control systems, data processing 
systems, special-purpose instrumen- 
tations, and training devices. Meth- 
ods for setting up human engineer- 
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MDRIVER-HARRIS ALLOYS 


RADAR AAA AAAAAAAAAAAAAAAAAAI 


: 


: 


: 
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Phase Shift Compensation Eliminated 
In New HELIPOT’ Precision Potentiometers 


SPECIAL D-H ALLOYS MAKE 
AIR-CORE WINDINGS PRACTICAL! 


Helipot’s purpose in designing its new, air-core wound series 7700 
Potentiometers was to make possible operation at higher frequencies 
with 0° phase shift—thereby eliminating compensation circuitry 

In nearly all multi-turn potentiometers, resistance wire is wound 
on an insulated copper-wire mandrel. This type of mandrel is used 
because it has uniform diameter, good heat conductivity and high 
thermal capacity. However, a disadvantage of such construction is the 
relatively large distributed capacitance between the resistance wind- 
ing and the mandrel. When such a potentiometer is used as an AC 
voltage divider, the output generally differs in phase and magnitude 
from the desired output. This interferes with the effective use of high 
accuracy potentiometers unless compensation is applied somewhere 
in the circuit. 

Helipot engineers desired to eliminate these problems by eliminat- 
ing the copper-wire mandrel. But the elimination of the mandrel also 


HARRI fr Ef f 
i o. ae 


eliminated the support for the winding. Needed, therefore, was a type 
of wire that would make a self-supporting air-core winding. 

At Helipot’s request, Driver-Harris went to work with these speci- 
fications: The wire must be of dependable uniform hardness so that 
in stretching it, equal spacing between turns is obtained, free of creep. 
This is essential to linearity. The wire also must be of unvarying di- 
ameter for uniform resistance. And its surface must be extremely 
clean—free of oxide coating to minimize contact “noise”. 

Driver-Harris produced the wire—a special hard-drawn form of 
Karma* and Nichrome* V. And Helipot produced its new 10-turn 
series 7700 potentiometers in a resistance range from 200 to 5000 
ohms. With this radically new air-core winding, linearity approaches 
the resolution of the unit without resort to padding or shunting. And 
phase shift in AC circuitry is reduced to less than 0.1°. 

Since 1899, Driver-Harris has produced 132 special-purpose alloys 
in just this fashion—in answer to a particular problem and extraor- 
dinary specifications. If your own engineering and product develop- 
ment plans currently hinge upon a special alloy—why not bring your 
problem to Driver-Harris. Your inquiry is invited. 


Driwer-Harris Company 


MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES 


FEBRUARY 1958 
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How a Taylor Laminated Plastic safety clutch 
protects rotary lawn mower crankshafts 


Friction disc assembly permits clean cut, 
prevents damage to drive mechanism 


Running into rocks or other solid objects with a rotary lawn mower 
is not a recommended practice, but it is possible to strike these objects 
without damaging the drive mechanism. 

A laminated plastic safety clutch assembly does the job. Two Taylor 
Laminated Plastic friction discs, mounted as shown in the drawing, 
drive the cutting blade with positive force until a solid object is struck. 
When this occurs, the clutch assembly absorbs the shock, the discs 
slip, and the blade stops without impeding the operation of the driving 
mechanism—all parts are protected from serious damage. 

Perhaps you have a similar problem—or others that can be solved 
by using either laminated plastic or vulcanized fibre parts. Our applica- 
tion engineers will be glad to help with 
your specific needs and recommend the 
material best suited to your application. 
Get their assistance by contacting the 
Taylor sales office nearest you. 


= ™ TAYLOR 


CROSS SECTION of slip dutch Laminated Plasti cs 
assembly showing arrangement . “ 
Vulcanized Fibre 


DRIVE SHAFT 


of components on crankshaft of 
rotary lawn mower. 


TAYLOR FIBRE CO., Plants in Norristown, Pa., and La Verne, Calif. 


First and largest volume producer of 
Rolled Copper-Clad Laminates for printed circuits 


Phenolic- Melamine -Silicone-Epoxy Laminates © Combination Laminates * Copper-Clad Laminates © Vulcanized Fibre 
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ing groups within an engineering 
organization are given. Tables of 
human engineering “do’s and 
don’ts” and other practical design 
aids are provided. Several articles 
give detailed bibliographies. 
$2.50 


Multiple Reprints 
at Quantity Prices 


Since handling expenses are a signif 
icant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address. on ordet 
iccompanied by remittance, the fol 


lowing prices per ¢ py ipplh 


Quantity 
Title 

Casting Resins 1.50 

2.00 

Prices given above include shipping 

charges. Make checks payable to The 

Gage Publishing Company, 1250 Sixth 
Ave., New York 20, N. Y 


0 
‘ 
5 


5 
Human Engineering 2.25 


A short-cut to 
RESEARCH! 


e Hundreds of design and re- 
search engineers have provided 
themselves with personal file copies 
of the 


ELECTRICAL 
MANUFACTURING 
5-YEAR ANNOTATED 
EDITORIAL INDEX 


The 60-page book lists by func- 
tional subject classification—with 
succinct annotations—every fea- 
ture article and major “Design 
Trends” short article published in 
ELECTRICAL MANUFACTURING dur- 
ing the S-year period, 1951-1955. A 
companion booklet lists all 1956 
articles. 


The cumulative annotations pro- 
vide valuable time-saving reference 
source, both to recent and earlier 
literature. The indexed articles deal 
authoritatively with all types of 
materials, components, systems and 
techniques which have special ap- 
plication in the engineering design 
and development of electrically 
operated products. 


The Index is printed on white 
coated paper and is wire-stitched 
to handy file size, 842” x 11”. 


Per copy price is $2.00 on orders 
accompanied by remittance (add 3 
per cent sales tax for New York 
City delivery). Please make remit- 
tance payable to The Gage Pub- 
lishing Company, 1250 Sixth Ave- 
nue, New York 20, N. Y. 
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ASWAO battery chargers are specifically designed for 
heavy duty, industrial use 


UNIT CONSTRUCTION — specifically de- 
signed for control panels. ASCO Bul- 
letin 203 Battery Charger shown as a 
unit — and (above) mounted on ASCO 
Automatic Transfer Switch Panel 


Bulletin 236 Battery Trickle 
Charger for 12 and 24 Volts 
D-C, for 110 to 120 Volt - 60 
Cycle Input only 


And where trickle rate only is required . . . 

The ASCO Bulletin 236 is recommended. This low cost 
unit provides a continuous adjustment range of 50 to 
200 milliamperes, for 110 to 120 - 60 cycle input only. 


ASCO Battery Chargers will perform consistently and pre- 
dictably under heavy duty industrial use. These units are 
conservatively designed — built to meet NEMA require- 
ments. Check these features of the Bulletin 203 against your 
starting battery requirements: 
¢ Charging rate from 0.05 to 2.0 amperes 
¢ Infinite adjustments within this range 
simple screwdriver adjustment of rheostat 
¢ Meter to indicate charging current provided 
* Catalog listings for wide range of input and output voltages 
Input: 120, 208, 240, 440, 480, 550, 600 volts, 60 cycles 
120 volts, 25 cycles 
Output: 6, 12, 24, 32 volts D-C 
¢ Connection diagram on panel; numbered terminal strips make 
connection simple 
* Fused output to protect charger components 
* Completely integrated unit; components include selenium rectifier 
transformer, adjustable rheostat and meter 


APPLICATIONS 

ASCO Battery Chargers are 
frequently used to keep engine 
generator cranking batteries 
properly charged. When so ap- 
plied, the charger can be placed 
on the ASCO Automatic Trans- 
fer Switch Panel, making a neat 
“one package” arrangement. 

In the diagram, note that as 
long as the normal source is 
operating, the batteries are 
under constant charge. The 
Battery Charger may alternately 
be paralleled with the load to 
permit charging when the 
Transfer Switch is on emer- 
gency 


EMERGENCY 
AUTOMATIC source 


TRANSFER | 
SWITCH— 


— 


NORMAL 
SOURCE 


BATTERY |TO. STORAGE 
CHARGER 'eATTERIES 


ASCO Battery Charger with 
Automatic Transfer Switch 


When applied as a unit... 

the ASCO Battery Charger may be connected directly 
to an A-C supply. Individual Battery Charger units 
are available for heavy duty service in every industry. 


MODIFIED ARRANGEMENTS 


The Bulletin 203 Battery Charger can be made avail- 
able with such features as: 

1. A Hi-Lo Switch to control output rate 

2. An indicating lamp 

3. A dual scale ammeter 

4. A voltmeter in place of the ammeter 

5. A special cabinet. 

The Bulletin 203 is also supplied in combination with 
an ASCO charging disconnect relay and reset timer. 
When the battery is low the relay-timer-battery charger 
combination automatically charges the battery at a 
high rate for a fixed period. After this fixed period 
the battery charger is automatically reset to a trickle 
charge. 


Automatic Switch Co. 


50-M Hanover Road, Florham Park, New Jersey 


FRontier 7-4600 


Battery Chargers are only part of the complete line 
of controls for electric plants offered by ASCO. 
Catalog 57-S6 lists: 

* Diesel Starting Panels 

* Paralleling, Changeover and Alternating Panels 

* Load Demand Controls 

¢ Battery Chargers 

¢ Gasoline Engine Remote Control Unit. 


Write for your copy 
of ‘Electric Plant Controls by ASCO’’— Catalog 57-S6. 


ES va 
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Junction Box Welded 
to Case 


Eley Connector 


TYPE D 


INDUCTION MOTOR 
for trouble-free performance 


This 2-pole shaded pole in- 
duction motor has a free speed 
of approximately 3400 rpm, 
with recommended load speeds 
of 3000 and 3100 rpm. Avail- 
able for 115 V AC, 60 cycle oper- 
ation, CW or CCW rotation. 


Different voltages or 50 cycle 
operation available on request. 
Other variations include venti- 
lated case, junction box welded 
to case or Elkey connector. 
Choice of mountings — flat strap 
bracket, saddle type bracket or 
resilient plate. 

Heinze motors are also de- 
signed to your exact specifica- 
tions. Write Dept. B, for free 
catalog. 


PVT eda ELECTRIC COMPANY 
685 Lawrence St., Lowell, Mass. 
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Association Activities 


Recipients of W. R. G. Baker and 

B. J. Thompson Awards Chosen by IRE 

The Board of Directors of the Insti- 
tute of Radio Engineers has announced 
that the 1958 W. R. G. Baker Award 
will be given to R. L. Kyhl and H. 
F. Webster of the Research Labora- 
Electric Co.. Schenec- 
tady. N. Y.. for their paper entitled, 
“Breakup of Hollow Cylindrical Ele 


tron Bear - Whien 


tory. General 


ippeared in the 
October 1956 issue of IRE TRANS- 
ACTIONS on Electron Devices. The 


Is ive! innu 


< t the hest 


he TRANSACTIONS of the 
fessional Groups 
The Board of Directors aiso named 
Arthur Karp Bell Telephone Lab 
oratories, Holmdel, N.J.. as the 
recipient of the 1958 Browder J 
Thompson Memorial Prize Award for 
entitled. “Backward-Wave 
Oscillator Experiments at 
Kilomegacveles” which 
the April 1957 issue of 
INGS OF THE IRE 
Award civen 
VY vears of age tor a paper re- 
published by the IRE 
constitutes the best 


his paper 
100 to 200 
ippeared it 
PROCEED 
The Thompson 
annually to an author 


which 
combination of 
technical contribution and presentation 
of the subject. 

oth awards will be presented at 
the annual IRE Banquet on March 26, 
1958 at the Waldorf-Astoria Hotel in 
New York during the 1958 IRE Na- 


tional Convention. 


AIEE Awards Highest Grade 

to Fifteen Members 

Electrical 
Engineers has elevated 15 members to 
the orade ot Fellow the Institute’s 


The American Institute of 


highest grade 

Some of those honored and_ their 

Charles F. Dalziel, pro- 
electrical engineering. Uni 
versity of California. Berkeley, Calif... 
“for effective teaching of 
engineering and original research on 
the effects of electric currents in the 
human body”: Edward N. Dingley, Jr., 
staff research Electronic 
Communications. Inc., St. Petersburg, 


citation ire 


lessor 


electrical 


engineer, 


Fla.. “for his manv contributions in the 
field of electrical engineering to the 
defense of the I nited States” Dewey 
D. Knowles, manager of product ad- 
ministration, Westinghouse Electric 
Corp., Elmira. N.Y.. “for his contribu- 
tion in research, design and applica- 
tion in the field of gas-filled tubes and 


his leadership in the electronic indus- 
try: Donald E. Marshall, section man- 
ager, power tube 


g development engi 
neering, Westinghouse Electric 
Elmira, N.Y.. “for basic 


to gas-type electronic 


Corp., 
contributions 
tubes and igni 
tion rectifiers”; John Macian, = Jr., 
North Amer 
ican Aviation, Ine.. Los Angeles, Calif 
“for pioneering work in 


chief electrical engineer 


the applica 
tion of electrical engineering princi 
ples to the design and development ot 
electrical systems in aircraft”; 
Ambrose }. Petzinger, manager, instrum 
{ Westinghouse Ele« 
Newark. N.J “for his 
original development in the field ot 

Robert V. 


Shepard. manager a-« motor and gen 


' pc iene 
ent department, 


tri Corp 
electrical measurement” 


engineerl large motor and 


erator o 
venerator department, General Electric 
N Y ° “tor his con- 


design of large mo 


Howard D. 


Snively, manager. advanced 


Co., Schenectady, 
tributions to the 


ors ind enerators 


product 
engineering. large motor and generator 
department, General — Electric Co 
Schenectady. N. Y.. “for his contribu 
tions to the design and development of 


Harry C. 


engineer, 


a-c and d-c machinery 


Steiner, consulting powe! 
tube department, General Electric Co., 
Schenectady. N.Y., “for contributions 
to the development and application ot 


mercury-vapor rectifier tubes.” 


Westinghouse Engineer Awarded 
1957 Edison Medal by AIEE 


John K. Hodnette of Pittsburgh, vice 
president and general manager and a 
member of the board of directors 
Westinghouse Electric Corp., has been 
awarded the 1957 Edison Medal by 
the American Institute of Electrical 
Engineers. 


The medal. one of 


awards. was won by Mr: 


engineering s 
coveted 
Hodnette “for his significant contribu- 
tions to the electrical industry through 
design and development of 
apparatus which marked 
new advances in protection, perform- 


creative 


transformer 


ance and service. For his vision, judg 


ment and management skill which 
fostered and achieved the practical ap- 
plication of his ideas with resulting 
advancements in the electrical indus 
try.” 

The medal will be presented to Mr 
Hodnette at the opening general ses- 
sion. Monday. Feb. 3. of the five-day 


Winter General Meeting of AITEE at 
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TOUGHER! 


SCOTCH Polyester Electrical Tapes 


BRAND 


Only with “Scotcu” Brand can you 
put all the amazing strength of poly- 
ester film—the strongest of all plastic 
films—to work in your electrical compo- 
nents. You will Stop breakage dur- 
ing dispensing...Stop breakage during 
application... CUT component costs 
by reducing rejection rate... REDUCI 
lost production time. 

New 


duce tape edges that are smooth and 


and exclusive—methods pro- 
nick free. These specially developed 
production techniques give ““SCOTCH” 
Brand Polyester Tapes and Films 
superior tear strength and allow 
maximum elongation. 

Electrical grade ‘“‘ScotcH”’ Brand 
Tapes and Films provide all the advan- 
tages of polyester film: high dielectric 
Strength and resistance to moisture 
and chemical action; they are insensi- 
tive to heat and cold and are non-cor- 
rosive. Thin and tough, these products 
give you space-saving insulation you 
can count on—consistently. 


NEED TECHNICAL HELP? 
Your 3M Sales Representative is espe- 
cially trained to assist { 
insulating problems and developing 
insulation systems. You will find his 
experience and advice able in 
solving your product prob 
developing new and better 
insulating. Ask to have him 


cost or obligation involved. 


This unretouched 150x photo shows the 
smooth nick-free edge of "SCOTCH" Brand 
Polyester Film Tape No. 56, compared to 
the easily torn tape with edges resulting from 
usual slitting methods. 


“SCOTCH” BRAND POLYESTER ELECTRICAL TAPES AND FILMS 


Tape Type Description 


5 Transparent High 





Thickness Overall Conductance 


(inches) (Micromicromhos) 


Not recommended practice, but a commoa 
occurrence that illustrates why holding power 
and tear resistance cre important to reduce 


rejection rates. 


NEW BULLETIN 


Ss performance Characteristics, 
rical properties, and specification 


ata on “ScotcH”’ Brand Polyester 


write on your 


C 

Electrical Products. Just 
I ad to 3M Co., 900 Bush Ave- 
Minn., 


St. Paul 6, 


Dept.BY-28 


Temperature Adhesive 
56 Yellow Thermosetting 
Adhesive 
oF Yellow Thermosetting 
Adhesive 


58 Transparent Thermosetting 
Adhesive 


Oil Resistant Thermosetting 
Adhesive 


Polyester Mat—Film with 
Thermosetting Adhesive 


Heat Sealable Polyester— 
Polyethylene Film 
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Calendar of Meetings 


Feb. 4-6 -—-Thirteenth Reinforced 
Plastics Division Conference. spon- 
sored by The Society of the Plastics 
Industry, Inc., Edgewater Beach 


Hotel, Chicago, Ill. 


Feb. 14-15—5th 
Electronics 
Auditorium, Cleveland, 


Annual Cleveland 
Masonic 
Ohio. spon- 


Conference, 


sored by the Cleveland chapters of 
IRE, ATEE, ISA, and 


Physics Society, in cooperation with 


Cleveland 


Case Institute of Technology and 


Western Reserve University. 


Feb. 20-21-—Conference on Tran- 
sistor and Solid State Circuits, 
Philadelphia, Pa. 

Mar. 3—15th Annual All-Day Ma 


chine Design Conference of the 
Cleveland 


2136 E. 


Engineering Society, at 
19th 7s leveland 15. 


Mar. 17-21 Atomic Industrial 
Forum Atomfair. in conjunction with 
the 1958 Nuclear Congress, spon- 
sored by the American Institute of 
Chemical Engineers and the Atomic 
Industrial Forum, Inc., International 
Amphitheatre, Chicago, III 


Mar. 24-27 1958 IRE National 


Convention, Waldorf-Astoria Hotel 
and New York Coliseum 
Apr. 8-10 — Symposium on Elec 


tronic Waveguides, sponsored by the 


the Statler here Feb. 3-7 
At Westinghouse. Mr 


responsible for the supervision of the 


Hodnette is 
operation of all the company’s prod 


ucts groups. 


Eta Kappa Nu Names Outstanding 
Young Electrical Engineer of 1957 


Robert P. Crago of Kingstor N. ¥ 


has been named as._ the 
Young Electrical Engineer of 1957 by 
Eta Kappa Nu. 
engineering honor society. Dr. Walter 
R. Beam of Hamilton Square. N. J. 
and Glenn W. Jackson 
Heights. N. Y.. | 


Honorable 
Mention awards. 


national electrical 


Stagg of 


rec elved 


The 1957 award is the twenty-second 


in the series which began in 1936 
Formal presentation of the awards will 
be made at a_ banquet to be held 
February 3. 1958 during the Winter 
General Meeting of the ATEE in New 
York 

Eligible for the award is any man 
who on May 1 of each year has been 
graduated not than ten 


more years 


from a regular course in electrical 


engineering from an American college 
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Microwave Research Institute of the 
Institute of Brooklyn, 
in cooperation with the IRE Profes 
Electron 
Professional 


Polytechnic 


sional Group on Devices 


and the Group on 
Microwave Theory and Techniques. 
the Dept. of De- 
Audito- 
rium of the Engineering Societies 
Bldg.. 33 W. 39th St., New York, 
A OX. 


( o-sponsored by 


fense Research Agencies: 


Apr. 10-12-— 10th Southwestern 
IRE Conference and Electronics 
Show, St Anthony Hotel and Mu 
nicipal Auditorium, San Antonio 


Texas. 


Apr. 22-24 — Electronic 
nents Conference, sponsored by the 
AIEE. IRE, EIA, and WCEMA, 
Ambassador Hotel, Los Angeles. 
Calif 


( ompo 


May 1-8 ASTE 26th Annual 
Meeting and Tool Show, Philadel 
Philadel 


phia Convention Center, 


phia. Pa. 


May 5-7 1958 National 


sium of the Professional Group on 


Sympo 


Microwave Theory and Techniques, 
Stanford Univ.. Stanford, Calif. 


May 14-16 


Society for 


Spring meeting of the 
Experimental Stress 


Analysis. Hotel Manger, Cleveland. 


Ohio 


or university and who is not more than 
35 vears of age. Selection is made on 


the basis of the 


candidate's record of 
work: in 


in behalf of his community. 


t in his chosen 


achievemer! 


His service 


state or nation: in his cultural or 
esthetic development: and for his pro 
fessional activities 

Mr. Crago has ist turned 30 vears 
of age. Recently he was promoted to 
Director of Engineering of the Military 


Products Div. of IBM Corp. A graduate 
of the Carnegie Institute of Pechnology 
in 1948 and the recipient of an MS 
in EE from California 
fechnology in 1949. Mr 


a meteor rise in the 


Institute of 
Crago has had 
IBM. organiza- 
\ugust 


technical engineer in the 


tion. Joining the 


1949 as a 


company in 


Poughkeepsie laboratory. he was pro- 
moted to Project Engineer in late 195] 
and less than two vears later advanced 
to Manager of Engineering Design. He 
was subsequently assigned complete 
research and development responsibil- 
ity for Project High. a vital air-warn- 
ing computer system the company is 
Force. He was 
elevated to the General Manager posi- 


producing for the Air 





April, 1956. His duties there 
Engi- 


neering. Manufacturing, Finance. Field 


tion in 
included the responsibility for 
Engineering. and Personnel for an 
autonomous division of some 3500 in- 
dividuals. 


Dr W. R. Beam, at the age of 29, 
is the manager of Microwave Ad- 


vanced Development of the Tube Div. 
of RCA at Princeton, N. J. 


established authority on electron tubes. 


He is an 


Glenn W. Stagg. at age 34 is Senior 
Engineer with the American Gas and 
Electric Service Corp. in N. Y. Mr. 
Stagg received a Bachelors degree in 
engineering from Massachusetts Insti- 
tute of Technology in 1948. 


George C. Neuschaefer Receives National 
Reliability Award at 1958 Symposium 
Neuschaefer of the United 
Naval Material 
Brooklyn. N. Y. was presented the first 
annual National Reliability Award at 
a banquet held at the Fourth National 
Symposium on Reliability and Quality 
Control in Electronics at the Statler 
Hotel. Washington, D. C.. January 7, 
1958. 

Max M. Tall. of the Radio Corpora- 


tion of 


George C. 


States Laboratories. 


America. (,eneral 
presented Mr. Neushaefer 
with the award. given for the outstand- 


Symposium 
Chairman. 
ing technical paper presented it the 
1957 symposium 

Mr. Neuschaefer is Branch Head of 
Electronics at the United States Naval 
Shipyards in Brooklyn. He graduated 
from the Cooper Union Institute of 
Technology with a Bachelor of Science 
in Electrical Engineering in 1932. He 
is an associate member of the Amer 
ican Institute of Electrical 


FE nvineers 


IRE Elects Officers For 1958 
Donald G. Fink. director of research 
of the Phileo Corp.. 


one of the highest engineering 


has beer raed 


honors 
with the announcement of his election 
as president of the Institute of Radio 


1958. Mr. Fink 


Henderson. principal res¢ irch 


Engineers for 
John 7 
officer of the National Research Cour 
cil, Ottawa, Canada, as head of this 


international society of 62.000 radio 
engineers and scientists. 

Carl-Eris Granqvist director — of 
Svenska Aktiebolaget (,asa imula 
tor. Stockholm-Lidingo. Sweden will 


Yasujiro Niwa. president of 
Tokvo Electrical Engineering College 
Tokvo. Japan as IRE vice presi lent 
Elected as 1958 
1960 term are G. S. Brown. Professor 
and head ot the Dept. ot Electrical 
Engineering. Massachusetts Institute of 
Technology. and W. H. Doherty. as- 
sistant to the president of Bell Tele- 
Laboratories. Inc.. New York 


succeed 


directors for the 


phone 


A x. 
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Cambion® coil forms with Perma-Torq*® Tensioning Device are designated PLST, PLS-¢ 
are factory assembled to mounting studs. The units are completely interchangeable wv 
LS-6, LS-7 and LS-8. 


Reliability is their family resemblance 


Here’s a reliable family of coil 
ready to meet your specifications 
Perma-Torq Tensioning Devi 
Cambion coil forn illow | 


ining cores whl ill tunable 


you can depend upon them to do 
ob well 
Chis built-in dependability 
iambion’s unique design pli 
trol that meets or bet 
nent specifications - 7 oe . : = ae € 
i- Torq is a compression sprin ne | satan a I : Paneer if! HIT 
reated beryllium copper, that tor set r t tur t hxed tot for 2 2 
1as yn resistance LO Tatifpu “he ny Me: . 
ind keeps coils tuned as ; 
under extreme vibration 


The device also allows 


t 


I 
for 
] 


readjustment without remova ! 

loosening of any mounting nut or lock- *Patent pending g 

ing spring ¥ 
Quality control and features like thi / 4 ~ 

above are just two of the reasons wh —] CAMBRIDGE THERMIONIC CORPORATION (“Yi 


Cambion can offer you guaranteed 


standard or custom electronic com / \ x \ - 
ponents whose performance you can J pm 
rely upon. ; rr } A. / \ 

Cambion researchers and practical : 7 : : ¢ 


experts are always available to help you Makers of guaranteed electronic components, custom or standard 
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NTT a 
Close 


Simplify your mechanical 
design with Johnson’s complete 
line of shaft couplings, 
flexible shafts, and panel bearings! 


SHAFT COUPLINGS—Available in a 
wide variety of rigid and flexible types 
for coupling shafts, %" to %", V4" to %", 
and %" to %". Units for straight coupling; 
minor angular shaft misalignment; or both 
axial and angular shaft misalignment. 
FLEXIBLE SHAFTS—Phosphor bronze 
with Ys" brass hubs. Permits out of line or 
up to 90° angular control. Withstands 
torque in either direction with minimum 
backlash 

PANEL BE ARINGS—Nickel-plated brass 
for %" shaft and up to %" panels. Avail- 
able with either 3° or 6 


nickel-plated 
brass shafts. Standard ¥%"-24 nut furnished. 






@eeeeeeneeeeeeeee8 


NEED 
STEATITE OR 
PORCELAIN 
INSULATORS? 


pe 


oi 


Johnson's complete line! 


A, 
| 


Immediate delivery 
from stock with 


High quality steatite and porcelain insula- 
tors. Heavily glazed surfaces and nickel- 
plated brass hardware suitable for 
exposed application. May be supplied 
with standard screws and nuts, or with 
jacks to accommodate standard banana 
plugs. Through-panel and stand-off types 
—as well as antenna insulators, bushings, 
and feeder insulators. 


7. New Catalog. 


Write for your free copy of our 
newest component catalog —listing 
prices and complete specifications 
on all elect nic Components man 
ufactured by E. F. Johnson Co 









EL. FF. Joh mson Company 


Nis } 2604 Second Ave.$.W. « Waseca, Minn. 
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Men in Industry 





Lowell S. Pelfrey, who has been ac- 
tive in the development program at 
International Rectifier Corp.. of El 
Segundo, Calif., since 1953, has been 





LOWELL S. PELFREY 


named director of Research and De 
velopment. His developments have led 
to the introduction of several new de- 
vices, such as high-temperature ger- 
manium diodes, germanium mixer 
diodes for TV, and several types of 


silicon diodes for radar 


William R. 
pointed chief research metallurgist and 
Richard J. McCluskey has heen 


chief machine design and development 


Johnson fjias been ap- 
named 
engineer at Associated Spring 


1. Conn. Mr 


Johnson will be responsible for the basic 


( orp. > 





researt center in Bri 


research being carried on at the Bristol 


center directed toward the 


application 
of new and improved materials and ad 
unced metallurgical processing tech- 
niques to the problems of spring design 
ind fabrication. Mr. McCluskey will 
supervise the center’s research and de- 
velopment of mechanical actuation and 
other principles of mechanical engineet 


ing related to spring des 


Polytes nnic Institute ot Brooklyn has 
elected Dr. Ernst Weber as the Institute's 
sixth president. He succeeds Dr. Harry 
S. Rogers, who died on June 6. Prior to 
being named president. Dr. Weber had 
served as vice-president for research in 
charge of Polytechnic’s scientific and 
engineering research programs. A pion- 
eer in high trequency electronic re- 
search, the new president holds more 
than 50 


British patents in the field of micro- 


American, Canadian and 


wave techniques 


Patrick E. Haggerty, executive vice- 


president of Texas Instruments Inc.. 





Dallas, Tex., has been appointed as a 
Fellow of the IRE. Award of the fellow 
ship was based on Mr. Haggerty’s “dy 
namic and inspiring management of the 
electronics activities of his company and 
his large personal part in leading the 
technical efforts of Texas Instruments 


Robert S. Kinsey jiu~ been appointed 
vy. Ltica divisior 
of Bendix Aviation Corp. Mr. Kinse 


also will be respor sible tor the ope 


director of engineerin 


tion of the air turbine test laboratory 
Teterboro 
N. a Previously he was vice-president 


ol ope rations of Re iclior Mots 


the Eclipse-Pioneer division. 


Monte L. Marks hias bee: med ct 
development engineer of the Analytir 
Instruments Diy Co 
solidated Electrodynamics Corp., Pasa 
dena. Calif. Mr. Marks holds an M-S 
degree in electrical engineeri: 


Stanford University 


and Control 


John W. Spiegler has been 


appointed 
chief engineer of the electronic con 
ponents department in the Electric 
Products Division of 
Works. Corning. N. Y. Mr 


joined the mechanical research depart 


Cornin 








JOHN W. SPIEGLER 













ment in 1950 as a department field 
engineer. He was appointed supervisor 
of equipment engineering at Pressware 
in 1953 and since 1955 has been a 
project engineer in the electronic con 
ponents department He was graduated 
from Citv College of New York. 


Sylvan E. Franklin has been appointed 
manager of the industrial reactor devel- 
opment group of CONTROL, a division 
of Magnetics, Inc.. Butler, Pa. Mr. 
Franklin is responsible for development, 
design and application techniques of 
the company’s standard line of power 


ELECTRICAL MANUFACTUI 


IN¢ 


Low friction of TEFLON insures 


tetrafluoroethylene resins 


Smooth action of punched-card sensor 


At the heart of this switching device 
are 540 pins made of a TEFLON resin, 
which translate the message on a 
punched card by activating complex 
electrical circuits. Each of the 540 
positions (arranged 12 wide by 45 
high) has a corresponding spring- 
loaded pin and a normally closed 
single-pole single-throw switch. The 
card is pressed forward onto the pins 
by a handle. Where there is a hole in 
the card, the pin slides through prac- 
tically without friction. Where there 
is no hole, the sturdy pin is pushed 
forward by the card and opens a 
switch. Trouble-free operation of this 
complex sensing device is dependent 
on the properties of TEFLON tetra- 
fluoroethylene resins. 

TEFLON resins are considered al- 


n of the resin. The sensor is used as a ‘ . 
. aabiiisik Geuiee fer eutotuation ind tos most perfect electrical insulators. 
e pins slide easily into the multiple switching. (Manufactured by Metron Their dielectric strength ranges from 


400 to 4,000 volts per mil, depending 


> extremely low surface fric- oration, ville, New Jersey.) 


BEARINGS OF COMPOUNDED 
“TEFLON” 1 REPLACE LUBRI- 
CATED BEARINGS IN THIS 
OVERSPEED GOVERNOR. Used 


‘ } >on eg 
ally aS a Sate device on gaso- 


on thickness. They have virtually no 
moisture absorption and retain their 
dimensional stability under all con- 


ditions of humidity. No other struc- 
tural material has so low a coefficient 
of friction. TEFLON resins are rated 
for operation from —450°F. to 
+-SO00°F. They can be molded to 
close dimensions and machined to 
ig a r over 10,001 

operation.( Material is tra 
RULON by Dixon Cory; 
R. I.; governor manufact 
Synchro-Sta Produ ; 5 
Skokie. Ti product. Send the coupon for the 


tolerances of half a mil 
The properties of TEFLON resins 
might well be important in your next 


technical facts and end-uses 


E. I. du Pont de Nemour 
Room 142, Du Pont Building 
SEND FOR Please send me more informat 


fluoroethylene resins 
INFORMATION 


TEFLON® 


isa registered trademark... 
TEFLON is Du Pont’s registered trade- 
mark for its fluorocarbon resins, in- 
cluding the tetrafluoroethylene resins 
discussed herein. This registered 
trademark should not be used as an 
adjective to describe any product, nor 
should it be used in whole, or in part, 
as a trademark for a product of 
another concern. 


for. 


For additional property Nae 


and application data on | Company ___ 
Du Pont TEFLON tetra- Street___ 
fluoroethylene resins, | City 

mail this coupon. Type of Busine 


= ' In Canada: Du Pont Company 
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always 
the leader 
—all ways 


Engineered Economy Iron Cores 
originated by 


Radio Cores, Inc. 


*trademark 


* the leader in quality 


* the leader in price * the leader in engineering 


* the leader in volume * the leader in design 


Just a few short years ago, Iron Cores cost over 100% more than at the present 
time. This has been achieved by the creation of our line of ENGINEERED ECON- 
OMY* IRON CORES which enables us to reduce the amount of your minimum 
inventory through guaranteed immediate delivery service .... this has been 
achieved by the new use of automation which enables us to cut costs 
and pass these savings on to you . this has been achieved by 
more efficient production methods, which reduce processing 
and material costs which again means savings to you. 


Now, you can select from over 
19 types of ENGINEERED ECONOMY* 
IRON CORES which do the job of over 100 types 
. custom-made cores at stock prices. We invite your inquiry. 


Also, custom iron cores to your specifications. 


Radioncoressincs 


[memeece 

eT Cee ae Umm ty 
Copyright 1956 | mttaer Powore 
Radio Cores. inc. asseciatioe 
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reactors and components for static con 
trol of machine tools and rolling mills 
Dictograph Products Inc., of Jamaica, 
NN. Y.. has elected Philip N. Lehr vice- 
president in charge of research and de- 
velopment. Mr. Lehr has for several 
vears been director of engineering and 
previously, he held the position of chief 


engineer. 


Robert N. Brown has been named 
vice-president and director of engineet! 
ing for Kearfott Co.. Inc. Mr. Brown, 
a graduate of Lehigh University. has 
been director of engineering at Kear 


fott since January. He joined the com- 


ROBERT N. BROWN 


1946 after rving with the | , 
World War Il. Prior 

ith the West 

headquarters 

held vari 


yst 


Gerald M. Henriksen 
pointed director 
Acoust 
Long Island 


sone cleaning. processing 


GERALD M. HENRIKSEN 


missile instrumentation systems. He 
will supervise the companys engineer- 
ing activities as one of the associated 
contractors in the Atlas ICBM program 
Mr. Henriksen will also direct the en 
sineering of new Acoustica develop- 
ments in the fields of ultrasonic clean- 


ing and processing. 
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Heat fast 


These heating units are 


sheathed in Inconel or Incoloy alloy 


each has the properties needed for 
tubes that give fast heat transfer. Their 
resistance to corrosion and cracking at 
high temperatures means coils made 
to last the life of the range. 


Why millions of American housewives 
never see a cracked heating unit 


They fly with the stratosphere jets, enduring the 
blast of combustion gases. Over and over and over, they 
carry new Steel gears or enameled ware through ovens 
or furnaces 600 degrees hotter than any range coil gets. 


Ren 


In heating units for millions of electric ranges, the 
metal tubes get red hot and cool off over and over, for 
years on end. Cold water and food spill on them. Pots 
bang them. And no cracks! No warping, scaling or 
corrosion. 

Amazing metal tubes! 

The reason they stand up the way they do is because 
they're made with Inconel 
Incoloy 


nickel-chromium alloy or 
iron-nickel-chromium alloy sheathing. Made 
to last the life of the range ... because these Inco Nickel 
alloys give outstanding service in all kinds of severe 
high-temperature conditions. 


Inconel @ 


So, when you know what these Inco Nickel Alloys 
do in far rougher, hotter service, you know why you can 
depend on Inconel and Incoloy sheathed heating units 
to give remarkably long, trouble-free service in your 


appliances. «Regist 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street New York 5, N. Y. 


Incoloy 


proved in millions of ranges 
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PROJECT: 


QUALITY 
CONTROL 


TARGET: 


EVEN 
BETTER 
PERFOR 


Wilbur B. Driver Co. 


NEWARK 4 NEW JERSEY 


IN CANADA: Canadian Wilbur B. Driver Co., 


85 King St. East, Toronto 1 
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PRECISION 


Company 
Briefs 


[wo eastern companffs have been 
acquired by Cohu Electronics, Inc., of 
San Diego The companies, manuta 
turers of electroni instruments and 
located in Schenectady, New York. are 
the Millivac Instrument Corp. and Volkers 
G Schaffer, Inc. They will be merged 
into a single operating unit to be known 
as Millivac Div. of Cohu Electronics. Colhiu 
has also formed a Research Division 
to be headed by Dr. Martin L. Kleis 
noted research authority. The division 
will have headquarters in San Dieg 
and laboratories in Van Nuys. Calif 
at 14743 Lull St.. and will do very 
specific research and development i 
the fields of electronic instrumentatior 


ind process control 


\ new plant that will provide a major 
increase in the production of Bakelite 
liquid epoxy resins is to be built at 
Marietta. Ohio. by Union Carbide Corp. 
These facilities, scheduled for con 
mercial operation early in 1959, will 
have a rated annual capacity of 15,000 
000 pounds of epoxy resins. 


Raytheon Manufacturing Co. rex 
established a new laboratory in Santa 
Barbara, Calif., to provide the same 
outstanding Raytheon technical talent 
and facilities in electronics on the West 
Coast as are presently available in the 
East. The Gov't Equipment Div. will 
operate the facility. In addition to ful 
filling the needs of the various agencies 
of the government directly, the labora 
tory will perform advance engineering 
and development work in such area 
as infrared, countermeasures 


ations and radar 


Sancor Instrument Corp. has be: 
chased as an addition to the Instrument 
Div. of Thomas A. Edison Industries. 


Sancor, manutacturer ot 
cision gears, gear hands, g 

ind illied products will contint 
icturing at its plant at 1109 


Ave.. Neptune, | 


The Du Pont Co., Wilmingtor 
is putting more than $15,000,000 
Specialists in its 30-year old program of tun 
research the search tor 
knowledge without regard 
commercial objectives. What 
vield is not known, because 
way of basic science. but if the p 
anv guide, it will eventually lead to 


some form of better living for evervone 





AEA 


Performance! Versatility! Economy! In all three, Enjay Buty] is the world’s 
outstanding rubber value. In a wide variety of applications, Enjay Butyl 
rubber stands unmatched in its ability to resist ozone and corona, impact and 
abrasion, moisture and weathering... properties that contribute to the 
outstanding performance of Butyl-made products. 


Instrument transformers, underground service cables, high voltage indus- 
trial cables... in these, and many other electrical applications, Enjay Butyl 
out-performs and out-lasts all other types of rubber, synthetic or natural. 
Low-in-cost and immediately available, this truly wonder rubber may well be 
able to cut costs and improve performance in your products. For further 
information, and for expert technical assistance, contact the Enjay Company. 

er value 

le rubber 


aging e 


Pioneer in Petrochemicals 
ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 


Akron* Boston * Chicago « Detroit * Los Angeles* New Orle s¢ Tulsa 
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GUDEBROD 
BRAIDED 
NYLON 

LACING 

TAPES ARE 
EASY TO TIE: 
WON'T SLIP— 
EASY ON 

THE HANDS: 
WON'T CHAFE— 
EASY TO SEE: 
COLOR-CODED 


Gudebrod flat braided lacing 
tapes hold harness securely— 
no bite-through or slip, yet are 
easy on the hands. Some resist 
high temperature, some are 
color-coded ... and they come 
wax-coated or wax-free . 

rubber-coated . . . or with spe- 
cial coating. Gudebrod makes 
many tapes for many pur- 
poses, including defense work. 
Send us your lacing problems 
or your specifications . . . we 
can supply the answer to both. 


GUDELACE + GUDE-NYLACE 
GUDELACE H + TEFLACE 


GUDEBROD BROS. SILK CO., INC. 


ELECTRONICS DIVISION 
225 W. 34th St., New York 1, N. Y. 


EXECUTIVE OFFICES 
12 South 12th St., Philadelphia 7, Pa. 
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Book Reviews 


Dimensions of the Human Figure, Male 
and Female. By Lloyd W. Sahley, 
president, Cleveland Designers and 

Published by Cleve- 

land Designers and Consultants. Inc.., 

P. O. Box 3989, Shaker Square Sta- 

tion, Cleveland 20, Ohio. Price $1.00. 


Consultants, Ine. 


The information contained in this 36- 
page book will be of utmost importance 
to anyone who works with human be- 
ings. or designs machinery, equipment. 
products, tools or buildings for them. 

In preparing this book, the author 
found one important factor: that there 
is no one best dimesion for anything 
used by or made for human beings. If 
possible, the author suggests making 
everything adjustable within the ranges 
shown in the dimension charts. If it is 
not possible to make it adjustable, at 
least take the normal deviations and 
total range into consideration in the 
basic design. 

The dimensions given are those of 
6283 Americans selected at random in 
Cleveland. Ohio, a melting pot that 
comprises about one per cent of the 
national population. The selection in- 
cludes every nationality and race com- 


monly met, 


covering all adult age 


groups and all walks of life 


Introduction to Transistor Circuits. By 
KE. H. Cooke-Yarborough. Interscience 
Publishers, Inc.. 250 Fifth Ave., New 
York i N. ee 154 pages. 


=r 


price 


~ 


This book is based on a series of 
lectures given by the author in 1955. 
College. London = after 
much information had been 


at University 


learned 
oncerning transistor circuit develop- 


ment \ good deal ot material has since 


been added, but every aspect of tran- 
sistor circuits has not been covered. 
Emphasis has been placed on the 
non-linear transistors. 
author felt that 


above Was In- 


properties ot 
primarily because the 
the treatment of the 
sufficient in previous works, and _ that 
the validity of the linear. small-signal 
circuit theory is restricted in transistor 
circuits by the fact that a signal voltage. 
to qualify as “small” often has to be 
smaller than one or two millivolts. 

lo help give the experimenter a 
mental picture of the behavior of tran- 
sistor circuits. the author has used 
representations of the flow of electrons 
and holes in transistors and of currents 


in the associated circuits, rather than 
the more abstract concepts of circuit 
theory. 

The references chosen for the bib- 
liography were intended to give the 
most recent or most comprehensive 
information, and often contain further 
references to earlier works. The author 
has also found it essential to differ- 
entiate between point-contact and june 
tion transistors in circuit diagrams, by 
the use of different symbols 


Engineering 
Standards 


EIA Standards 


The following three new recommended 


EIA standards are now available: 


RS-154-A Polarized Drv Electro 
lytic Capacitors for General Use 
(This standard, from Standards 
Proposal Nos. 532 and 548. is a 
revision of RS-154.) Price $1.10 

RS-100-——Solid Dielectri: 
sion Lines. (This 
Standards Proposal No. 522 
revision of TR-143 
RS-292--EIA-NEMA Standards for 
Recommended Practice for Prepara 
Electron 
(This standard is 
a revision of ET-102-B Price 


I ransmis 


standard. from 


Price $1.20 


tion of Outline Drawings of 
Tubes and Bases 


$1.20 


Copies may be obtained from the Ele 
tronic Industries Association. Engineer 
ing Dept.. 11 W. 42nd St.. New York 
N.Y. 


AIEE Standards 


The following three AIEI 


publications are available: 


ASA-C42.10—Definitions of Electri 
cal Terms for “Rotating Machinery.’ 
Price $1.20 
ASA-C42.30—Definitions of Electri 
cal Terms for “Instruments. Meters 
and Meter Testing.” Price $1.20 
ASA-C42.35 


cal Terms for 


Definitions of Electri 
“Generation. Trans 
mission and Distribution. Price 


$1.20. 


Copies may be obtained by writing to 
the American Institute of Electrical 
Engineers. 33 W. 39th St.. New York 
18. N. Y. A 50 per cent discount on 
the above prices of each publication ts 
available to AIEE members 
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Stainless Steel in 


PUBLICATION 


LIST 
TO OBTAIN 


copies of 


A description of the literature that is avaib- \ the 

able withour charge, covering the selection, 

fabrication and application of stainless and 

heat-resistant steels, trol and die weeks, 

electrical steels and aliens, and cartade 
materials of all necessary types 


three valuable 
data books 
shown above, 
just address 
your request 


ALLEGHENY LUDLUM i to 


RATION 1 
gett ago . DEPT. EM-2 


FEBRUARY 195 
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Microwave Properties of 
Solid Dielectrics Up te 3000 F 


Continued from page 147 


plication, the condition of optimum temperature com- 
pensation in a structure containing metal and dielectric 
material usually requires that the temperature coefh- 
cient have a negative value of the same order of mag- 
nitude as the coefficients of expansion of the component 
materials. In this connection, for materials have ani- 
sotropic expansion, orientation is important in specific 
configurations. 

Equations can readily be derived for temperature 
compensation in idealized electrostatic cases, and in- 
volve no other variables than the temperature coefficients 
themselves. In microwave configurations, equations of 
this type become much more complicated, involving gen- 
erally wavelength, dielectric constant values and sensi- 
their 
problems of practical compensation over ranges of tem- 
perature usually require experimental work. Develop- 
mental time, however, can often be saved by initiating 


tive dimensions of the structure. For solution, 


the use of materials which offer approximate compensa- 
tion in a simple geometry. 

As an example, Fig. 6 shows the effect of temperature 
on wavelength within stainless steel waveguide nearly 
filled with various materials, allowing clearance for dif- 
ferential expansion where necessary. The points plotted 
were calculated frem experimental values of node po- 
sition used also to calculate values of dielectric constant. 
Reduction of wavelength with temperature calculated for 
the empty waveguide on the basis of its curve of thermal 
expansion is shown. It is observed that the highly ex 
pansive plastics materials generally give over-compen- 
sation in this configuration while the 
materials included show 


dense ceramit 
anti-compensative effect. The 
materials showing the nearest temperature-compensation 
over the limited ranges tested are mixtures of materials 


of the two classes having these opposite effects. 


Conclusions 
Notwithstanding that 


terials associated with mechanical properties at high- 


limitations on dielectric ma- 
temperatures often are more severe than those involving 
electrical properties, specific values related to observed 
characteristic variations in the dielectric properties are 
important in evaluation of materials for applications 
over wide ranges of temperature. In addition to the tem 
perature coefficients of dielectric constant and length. 
which apply to materials of any class, characteristic vari- 
ations of particular interest noted in plastics materials 
are (1) gradual reversible rise of loss tangent with 
temperature and (2) temperature limits above which ir- 
reversible changes in the value of dielectric constant 
occur. 

While ceramic materials exhibit nearly 
linear variation in dielectric properties over ranges of 
temperature, important characteristic variations to which 
some materials of this general class are inherently sub- 


frequently 


ject are: (1) wide variations in temperature coefficient 
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of dielectric constant with temperature (usually asso- 
ciated with recrystallization processes) and (2) sudden 
reversible increase in loss tangent at high temperature. 
accompanied by rapid rise in dielectric constant. The 
temperature at which process (2) occurs constitutes the 
limit of operation of the material as a dielectric. This 
and 3000 F for 
two high-alumina ceramics tested at 3000 mc. Sensitivity 


limit lies in the range between 2000 F 


of the limit of operation to purity of the material makes 
specific knowledge necessary in  very-high-temperature 
microwave applications. 

From the limited data available on temperature-com 
pensating materials, excellent indications are presented 
in the properties of laminates containing inorganic 
materials and non-polar thermosetting resins. Need exists 
for further study of systematic variations of the di- 
electric properties with composition for specific classes 
of mixtures. 
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take on almost every shape the designer needs? More than 
11 styles fit almost every design requirement. All have the 
same Outstanding Ward Leonard quality—quality that 
protects your reputation as an equipment designer. For 
example 

1 FIXED Vitrohm tubulars come in 5-to-200 watt sizes. 
2 AXIOHM, standard in 3, 5, or 10 watts, with axial leads 
is ideal for compact electronic gear. 3 ADJUSTOHMS make 
it easy to get the right voltage, bleeder or bias current. 

4 NON-INDUCTIVE Vitrohm tubulars, up to 160 watts 
in stock sizes. Famous flatted sides and ‘Ayrton-Perry’ 
winding keeps down inductance and capacitance. § DISC- 
OHMS, at 24 watts, feature extra compact mounting and 
6 PLAQOHMS, sizes to 150 watts, are also non-inductive. 
7 STRIPOHMS, from 20 to 75 watts, are another way to 
save space — an easy, compact way to stack mount resis- 
tors. 8 RIBFLEX resistors (made to order) can dissipate 
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up to 550 watts and take terrific momentary overloads. 
Resistances from 0.04 to 66 ohms. 

9 FERRULE TERMINAL resistors (made to order) fea- 
ture fuse-clip-type mounting. 10 SCREW BASE resistors 
(also made to order) are suited to equipment requiring 
ready change of resistance values. 11 BRACKET TERMINAL 
resistors have leads silver-brazed to mounting brackets. 
Mounting the resistor completes electrical circuit. 

12 MIL-R-26C Vitrohm Resistors available in all styles 
—all sizes—all characteristics and all resistance values 
listed in the specification. 

Designing with power resistors is easy with the 64-page 
Ward Leonard Catalog I 5. It’s full of data on these resistors 
and more. Write for your copy today. Ward Leonard Elec- 
tric Co., 34 South Street, Mount Vernon, N. Y. (In Can- 
ada: Ward Leonard of Canada, Ltd., Toronto.) 
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Milwaukee 1, Wis 

E-T-A Products Co. of America, 5085 N. 
Elston Ave., Chicago 50, Ill 

Fasco Industries, Inc., Rochester 2, Y. 

General Electric Co., Apparatus Bales Spit . 
Schenectady 5, N. ¥ 

Heinemann Electrie Co., 99 Plum, Tren- 
ton 2, N 

Pyle-National Co., 
Chicago 5, Til 

Spencer Ther mostat Div., Metals & Con- 

( F t. Attleboro, Mass 

Square D Co., 4041 N Richards, Milwau- 
kee 12, Wis 

Westinghouse Electric Corp., Gateway Cen- 
ter Bidg. No. 8, #1 Ldberty Ave., 
Pittsburgh 22, Pa 


1888 N. Kostner Ave., 


CIRCUIT STRUCTURES, ELECTRONIC 


Vector Electronic Ce., 3552 Sam Fernando 
Rd., Los Angeles 65, Calif. 


CIRCUITS, ETCHED, PRINTED, ETC. 


Aerovox Corp., New Bedford, Mass. 
American Lava Corp., Chattancega 5, Tenn. 
Centralab. Div. of Globe- vue Inc., 914 
E. Keefe Ave., re 3 Wis 
Croname, Ine., 1769 Guicage 18, 


ml 

Daren Ce., 536 W. Mt. Pleasant Ave., 
Route 18, Livingston, N. J. 

~~ Resistor Corp., Electrenics Div., Brie, 


Mechode Mfg. Corp., 7447 W. Wilsen Ave.. 
Chicago 31, Tl 


' 
rshall, North 


Div, of 


CLAMPS and CLIPS 


GROUND and 
TEST 


H 
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W 


CLEANING COMPOUNDS, METAL 
Mills. I 1] t Br 
N. ¥ 


CLIPS, SNAP. See 


CLOTH, INSULATING. See } r 
ating 


CLOTH TRACING. See 


F ar Paper 


CLUTCHES, ELECTRIC 


Rox & 


m Machine 


Wis 


CLUTCHES MECHANICAL 
Curt Wright rp Mar 


COAXIAL CABLE. See 


COIL CORES and FORMS 


Cornir 

oto-Col Co Ir 
Providence 5, R. I 

Cutler-Hammer, Ine 
Milwaukee 1, Wis 

Dano Electrie Co 93 
Conr 

Deluxe Coils, In 1300 First, Wabast 
Ind 

Dormeyer Industries, 3424 Milwaukee Ave 
Chicago 41, TIL 

Federal Telephone and Radio Co., Div. of 
International Telephene and seegzen 
Corp., 100 Kingsland Rd., Clifton, 

General meneree Co... Apparatus Sales Div 
Schenectad. 

Gries Reproducer Corp, 149 Beechwood 
Ave. New Rochelle, N. Y 

Iisco Corp., Dept. F-2, 4730 Madison Rd 
Cincinnati 27, Ohio 
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Rectifier Co 


XV Plot of Reverse Breakdown Characteristics Supplied with Each Diode! 


Here’s the versatile zener line —a type for every application—coupl th a new service conceived 


to conserve engineering time! Excellent characteristics, esp y in terms of lov pedance values, 
hermetic sealing, all-welded construction and a high thermal ity packag ialify these diodes 
for your consideration. Receiving a plot of iracteristics each diod inates guesswork 
ind tedious testing on your part— means more time for creative e1 eri! nquire further about 


these diodes and the speci il ipplic ition services We are 


CALIFORNIA e PHONE OREGON 8-628! e CABLE RECTUSA 


WORLD'S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS * SELENIUM * GERMANIUM «© SILICON 
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Nethelfer  W I « B 


Box 455, Dept. 101, Trenton Elizabeth 1, N. J ' 
: > RCA Electron Tube Div., Radio r| f 
genes een J. CONTACTORS, MAGNETIC. See Re- 
third aveen 3 Ohio S -=1 lays and Contactors 
' Ther Electric & Ma e Wor 
Jefferson, Chicago 6, Ill. CONTACTS and CONTACT POINTS 


Braini Co ‘ Ss S Wa ngter M 
COIL WINDING MACHINES anon, B.S 


Deringer Metallurgical Corp., 8119 Monti 
Boesch Manufacturing ¢ ] D> cello Ave., Skokie, Ill 
Conn Fitel-Me ough, I Sa sruno f 
Coil Winding Equipment Co., Oyster Bay = Pncelhar Kiri er 
Fort Wayne Tool, Die & Engineering Co ‘ f war 


103s Goshen Rd., Fort Wayne, Ind I 
tex Rheostat Baldwin, L. L, N. Y 
m : cesta an aie ae 
TU ee egia2 N--ogers. Avex. Chicago 90, fil Dns. 2 NJ 
Universal Winding Co., P. O. Box 1605, Fansteel Metallurgical Corp North ¢ 


MOST COMPACT « MOST ECONOMICAL cer Se ise tx. eee eb Oo 


COLD HEADED PARTS. See Fasteners : gy ORE 


—SIMPLEST « HERMETICALLY SEALED nto i 


Mallor & ¢ I rR 
Climax Metal Products Co., 863 E 6, Ind : 
140th Cleveland. 10, Ohio Fatt Ney Co. J. M., P.O. Bor 990, Hartford 
F 1, Conr 
COMMUTATORS “et ; + : ‘ at M r 


Thermostatic 7s ea mee South Hackensack 7 altham 4 Mass 


( Corp., 4855 W “ J 


130th, Cleveland ll, Ohio : 
PSU DM aA Re | Mires Maisie & Sts: co. curoee 98. contacts, CARBON. Seo Carton ene 


Nippert Electric Products Co., 1759 W Graphite 
Mound, Columbus 23, Ohio 


IMUM Toledo Gommutator Co., South Chestnut CONTACTS, HEATER PLUG aad TAP 


Owosso Heyman Mfg. Co., Kenilworth 1, N. J 
Westinghouse Electric Corp., Gateway Cen- 


ter Bldg. No 401 Libert Ave., 
No RRC AG ca a ee 


‘ 


Bausch & Lomb Optical Co, 84717 St 
Gee RO mam eeu e Paul, Rochester 2, N. Y 
, OL, g coumuraven SAWS and sLorrens ee ce” saree Veeen 
folut ndustries r 5 EI ca- e ork 1 ; 
Hermetically sealed. Not affected by as Inc., 445 Elm, Syca- = New York 13, N. ¥ 


altitude, moisture, or climate changes. ere SA \se CONTRACT MANUFACTURING 


Chase Brass & Copper Co.. Sub of Ken 
necott Copper Corp., Waterbury 20, Cona 
COMPARATORS, OPTICAL Croname Inc.. 1769 Grace, Chicago 13, Tl 


i MM CUM LL Bausch & Lomb Opticsl Co, Sait ar MT ‘en as ee 
EMO OMG ee ioe TKN varia, Ee! Gintone vO, 
ers consume approximately 2 W. and eo a oe 
may be operated continuously. The units COMPOUNDS, SEALING. See Cement Mirro Aluminum ‘ nitowee, Wis 


slating and Sealing; also Waxes and ‘Stromberg-Carlson, / of General 


i ompound namics rt 434 Goodman 
are Te Se long- Compounds Dynamics Corp. 1 joodma 
TT Meee Ce Cunt hoe 


SPST only—normally open or closed. 


COMPOUNDS VARNISH See Varnishes. CONTROLLERS. MOTOR 
eee eMC TYPES: Standard Radio Octal, and 9- ee an oes epee Aller ‘Br adley Co. 1316 8. Second 
NE ROM ue 7 Bilt COMPUTER COMPONENTS Allis-Chalmers, Milwaukee 1. Wis 
Poe eC ue sec BSTC ge mal) Bs Salt Sremuets Ce, Fort Lapterdale, 4 Ceri gage : 


k Hawthorne Hartfor , ‘ 


Erie Electro Mechani a! Div., Erie Resis Automatic Switch Co., 50-M Bisnover Ra 
PROBLEM? Send for Bulletin No. TR-81 peat Whieten oon tn: Fietham Park. N. J 


lio Co, Div. of Clark Controller o 146 E 152nd 


Telegrapt Cleveland 

n, N. J. Crouse-Hind 0 
i 6000 Cutler-Hammer Ir 
Texas Milwaukee 1 


US a: 
REGULATORS |i Sar 


Furnas iectris Co., 1024 McKee, Batavia 
PC LRM ST CORLL i LL more, J Goes 

current in a circuit automatically regulated |i} i Chicas o ee ee t 

Cm TTL TL Me CMe CLL) LAR LL) 

... For currents of 60 ma. to 5 amps. Operate |} ee ee cee 

RGM RGM me ag 


Locust t 
Ward Lemard | t 
Mt. Vernon ‘ Y 


ill CONNECTORS, WIRE and CABLE CONTROLLERS, POTENTIOMETER 

| Weston Electr rantienean: hues 
| AMPERITE, nie Etc, Waterbery 20, Cuan, oer ares erate 8, Ke 
agit cealhear matte Te 


CONTROLS. FLOAT and LIQUID 
tches 


VOLTAGE OF 24V | WITH AMPERITE LEVEL. See Sw 


TTERY & CHARGER! VOLTAGE VARIES 
VARIES APPROX | ONLY CONTROLS, PRESSURE and TEMPER 


50 , y) / P : a — ATURE See also Kelays Switches 
ri . od 318) f r H sraeieen” -  Allen-Bradle oes 
tr t t waukee \\ 
Assembly Pr 


BATTERY Mea L 23 


Hermetically sealed, they are not affected by changes in altitude, 
ambient temperature (—55° to +-90° C), or humidity . . . Rugged, 
light, compact, most inexpensive... . . . . List Price, $3.00. % 


ae etl Mes ed 7800 "Woodlawn Ave, Chicego 19, lil, ment Div.,  Me-Graw-Edison Co 
1 . » « Seren ¢ Orange ‘ 7 
1 ot Ir 1 Pleasant, Ashland, Ma 
y| rueger ¢ Hudepohl, 1043 Evans, Cin G-V_ Controls ne.. 8 Hollywood Plaza 
: b East Or | ae 
MPERITE CO. Inc., 561 Broadway, New York 12, N. Y. mas Seymour, Inc., Solvay Station General Electric | Co., Apparatus Saler 
div Schenectady 5 N E 


BOOT eer Le) »yle-Natior ‘0. 1 tr Ave., Hart Manufacturing Co., 211 Bartholomew 


1264 St. Paul Ave 


) Ave., Hartford 1, Conn 
eS Tre CT - O T +5 Paes B., — a mt , 4201 Belmont Ave, C1 
ago 41 l 
Robertshaw-Fulton Controls Co., Aer 
Div Columbus 186 Onto 
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SHIP VIA UNITED- 
THE WORLD’S LARGEST 
HIGH-SPEED CARGO LIFT 


UNITED offers you the world’s largest 365-m.p.h. cargo lift, because every 
DC-7 in the fleet carries 9000 pounds of air freight. Add to this the hefty 
capacity of United’s DC-6A Cargoliners plus the extra cargo space on every 
passenger Mainliner® and you have the most flexible air freight service avail- 
able. And when you ship United, you take advantage of such features as 
teserved Air Freight (guaranteed space), direct airways to 80 cities, door-to- 
door service and fleet-wide radar dependability. Also, you enjoy the close co- 


operation that’s a matter of pride with United, where extra care is basic policy. 


UNITED 


uN ED 


3 
IT COSTS NO MORE FOR EXTRA DEPENDABILITY—ON UNITED, THE RADAR LINE 
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designers pare 
40 lbs from 


... Dut stick to Bristol socket screws 


Engineers at Aircraft Radio Corporation, Boonton, N. J., have 
done an outstanding job of miniaturization in their new ARC 
Type 21 Automatic Direction Finder—reducing bulk 60% and 
weight to only 19.1 Ibs—as against 60-100 Ibs for older models, 
with no sacrifice in performance 

Like many other ARC navigation and communication aids 
for aircraft, the new direction finder uses Bristol Multiple-Splin« 
as the antenna shown 


socket set screws in many places such 
above during asse mbly 


Multiple-Spline features: 


ARC engineers particularly like these 
1. Production simplification —ARC experience has shown 
that the wrenches grip more uniformly and securely with the 
Multiple-Spline screws. Ass¢ mbly is faster and easier 


2. Performance reliability —a vital factor in ARC’s equip- 
ment. Bristol Multiple-Spline set screws hold fast under shock 
and vibration because they can be wrenched up tighter. 
Bristol socket screws —most complete line on the market, 
industry standard hex, as well as Multiple-Spline sockets — ar 
sold by leading industrial distributors. See your distributor. H« 
can frequently give you valuable help on your parti: ular prob- 
lems and save you time on deliveries from his complete stocks 


A.B.2 
Precision socket screw manufacturers since 1913 


Bristol's Hex Socket Screws 


Vv 


eh 


Ca 


n sizes as small as No. 0 in Alloy Steel and Stainless Steel. Cap screws up to 1*s 
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er Therm Div Metals & Cor 
rols Corp., 3601 Forest, Attleboro, Mass 
Square D Co., 4041 N. Richards, Milwau 
kee 12, Wis 

Weston Electrical Instrument Corp A 
of Daystrom Ir 614 Frelinghuy 

8 Ave Newark 5 N J 
Wheelco Instruments Div Barber-Colmar 
©o., 1403 Rock, Rockford, Til 
Wiegand Co Edwin L. 7530 


Thoma> 
Blvd Pittsburgh & Pa 


REMOTE 


See Push Buttor 
Relays and 


Contactors 


CONTROLS 
Swi tet a 


CONTROLS, 
nisms 


SERVO. See 


Servomecha 


COPPER. See Brass. Bronze and Copper 


COPPER, BERYLLIUM. See Ber 


CORD and TWINE, 
COIL 


Insulation Manufacturers Corp., 565 W 
Washington Blvd, Chicago 6, Ill 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., Schene 
tady 1. N. Y¥ 

Varfiex Corp., 504 W. Court, Rome, N. Y 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 


ARMATURE ana 


CORD, 
Cable, 


INSULATED. See Wire and 

Insulated 

CORD, RESISTANCE LINE. Bee Resist 
ance Line Cords 


CORD SETS 


Belden Manufacturing Co., 
Buren, Chicago 44, Ill 

Circle F_ Mfg. Co., Trentom 4, N. J 

Cornish Wire Co., Inc., 50 Church, New 
York 7, N. ¥ 

Cords IAd. Div., Essex Wire Corp.. 12) 
Dodge, DeKalb, Ill 

Genera! Electrie Co., Construction Mate 
rials Div., Bridgeport 2, Conn 

Phalo Plastics Corp., Commercial & Foe 
ter, Worcester 8, Mass. 

Royal Electric Corp., Pawtucket, BR. I 

Westinghouse Electric Oorp.. Gateway 
Center, Bldg. No. 8, 401 Liberty Ave 
Pittsburgh 80, Ps. 

Wire Stripper Co, 1729 Eastham Ave 
East Cleveland 12, Ohio. 
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CORES, POWDERED METAL. Bee Cores 
Transformer; Powdered Metal Products 


CORES, REFRACTORY. See Ceramics 


CORES, TRANSFORME 

4 e Electr Corp., 352 Water 
N. ¥ 

American Lara Corp., 

Tenn 

Arnold Engineering Co.. Marengo, Il) 

General Ceramics Corp., Dept. ME, Keas 
bey, N. J 

Indians Steel Products Co., Valparaiso 
Ind 

Magnetic Metals Co.. Hayes Ave.. at Zin 
Camden 1. N. J 

Magnetics, Inc., Box 891, Butler, Pa 

Radio Cores, Ine., 9540 Tulley Ave.. Oak 
Lawn, Tl 

Stackpole Carbon Co.. 8t. Marys, Pa 

Thomas & Skinner., Ine, 1114 EB. 28rd 
Indianapolis 7, Ind 

Westinghouse Electrie Corp Gateway 
Center, Bldg. No. 8, 401 Liberty Ave 
Pittsburgh 30, Pa 


Chatianoogs © 


CORK and CORK COMPOSITIONS 


Armstrong Cork Co.. 7011 Ingersol Us: 
aster, Pa 


COUNTERS. See also instruments Lier 
tronic; Relays 


Berkeley Div. of Beckman Instrumenw 
Inc., 2200 Wright Ave.. Richmond % 


7 


Boesch Manufaeturing Co., inc., Danbury 
Conn 

Bowmar Instrument Corp., 2415 Pennsy) 
vania Ave. Fort Wayne. Ind 

Eagie Bignal Corp., 202 20th, Moline, Il) 

Kellogg Switchboard and Supply Co 
6650 8. Cicero Ave., Chicago 88, Ill 

Production Instruments, Div. of Genera 
Controls Co.. 8074 McCormick Bira 
Skokie, Ml 

Veeder-Root, Inc., Hartford 2, Conn 


COUPLINGS, CLUTCH. Bee Clutene 


COUPLINGS, FLEXIBLE 

Climax Metal Products Co 863 Basi 
140th, Cleveland 10. Ohio 

Eaton Mfg., Co., Dynamatic Diy., 8897 
Fourteenth Ave., Kenosha, Wis 

Lovejoy Flexible Coupling Co.. 4803 W 
Lake, Chicago 44, Il 


CRYSTAL DIODES. See Rectifiers Sem) 
conductor; Transistors and) = Crveta) 
Diodes 


CRYSTALS, QUARTZ 


RCA Electron Tube Div Rad 
of America, Harrison, N. J 


CYLINDERS, AIR 


Mead Specialties Co., 4114 N. Knox Ave 
Dept E-47, Chicago 41, Ml 


DELAY LINES. 
nents 


See Computer Compo- 
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DIE CASTINGS. s 


DIELECTRIC HEATING UNITS 
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DIE-SETTING TOOLS 
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DIES, PRECISION, LAMINATION Et 


s & | I ‘ | 24 8 


DIODES 


DRAFTING EQUIPMENT and 
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DRAFTING REPRODUCTION 
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A rica Photocor hig 


W. Paterson A ‘ 


c 


DRIVES 
4 


DRIVES. ELECTRONIC 


DUCTS, WIRING (Centro! 


DUPLICATING MACHINES DIELESS 


DYNAMOMETERS 


« S&S 


ELECTRICAL SHEETS 
ELECTRONIC COMPONENTS 


ELECTRONIC TUBE COMPONENTS 


Ca Lead Wir Stamr 


ENAMELING SHEETS, = 
I r 4 , ¢ 


ENAMELS 


EYELETS and GROMMETS 


FACTURING 
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GENERAL CABLE 


ENAMEL and 
MAGNET WIRES 


FILM INSULATIONS 


j | Nylon is comparable to Formvar 

CONVENTIONAL An oleo-resinous enamel which NYLON | except that the dielectric proper- 

ENAMEL has high dielectric strength, good Closs A | fies are affected by moisture. In 

adhesion and flexibility, and low | addition, it solders readily and 

cost. | has superior winding qualities in 
some applications. 


Class A 


eee reenter ner ao a 


A polyvinyl acetal resin which has HERMETIC 
FORMVAR superior adhesion, abrasion re- A special Formvar film having ex- 
Class A sistance, flexibility, and outstand- | FORMVAR cellent resistance to Freon. 
ing toughness. Class A 
sd ieee eae aaa 8 


A Formvar base with a thermo- LECTON* 

plastic cement overcoat which can ; ' L - 

FORMEZE be readily bonded by heat or Class A An acrylic polymer having opti- 
. unofficially | mum resistance to Freon. 


Class A solvent. Especially suitable for 
Class E) 


coils of special shape. 
aineaiaaeieieicl sc iaiasiaaemesedaec Se | — 
ENAMEL ‘‘G’’ A polyurethane-base synthetic | A polyester-base synthetic enamel 
Class A enamel. Its excellent solderability suitable for Class B (130 C) insula- 
(unofficially at relatively low temperatures, ISONEL | tion systems. Its handling proper- 
Class E | exceptional moisture resistance, Class B ties are comparable to those of 
| and outstanding dielectric prop- Formvar except for somewhat 
erties make it ideal for electronic greater sensitivity to heat shock. 

and communication applications. 


PAPER INS 


K, NY 
il | SILK, NYLON 


. | (YARN), RAYO . 
Class O (dry A special rope paper tape in- ( ), N at or synthetic textile 
i Class O (dry destin. 

Class A (in oil sulation 


Class A (in oil 
or impregnated ‘ 
ae or impregnated 


in- 


4 . ma 
| GLASS (FIBER) 

| Class B (with ; 

| -commeaintincan’ Electrical-grade glass yarn 
bonded with varnish. 


COTTON 


Class O (dry Combed cotton yarn insulation. 
Class A (in oil 


or impregnated 


varnish) Ciass H 
with silicone 


| varnish 
| 

Combination of Dacron (polyester)—glass yarn, bonded with varnish. Dacron yarn im- 
DACRON* GLASS proves the adhesion of the insulation to the copper and provides greater abrasion 


(FIBER) + resistance. 


A 


+Classification not yet definitely established (Probably Class B with conventional varnish; possibly 
Class H with silicone varnish) 


AIA air aa 


NATION f TEXT ; T —Any of the enamel films may 
be combined with any of the textile or paper insulations to meet special requirements. 


. . 
nS 
r& C 
& —C 


a 


* 
% 420 Lexington Avenue, New York 17, New York 


GENERAL CABLE CORPORATION 


: Offices and Distributing Centers Coast-to-Coast 
IT’S NEW! aa 


v 


6” Plastic Non-returnable Spools. 


for quality and service... Specify GENERAL /CABLE 
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40 lbs from 
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... but stick to Bristol socket screws 


Engineers at Aircraft Radio Corporation, Boonton, N. J., have 
done an outstanding job of miniaturization in their new AR¢ 
Type 21 Automatic Direction Finder—reducing bulk 60% and 
weight to only 19.1 Ibs—as against 60-100 lbs for older models, 
with no sacrifice in performance 

Like many other ARC navigation iication aids 


for aircraft, the new direction finder uses Bristol Multiple-Splin 


nd commul 


socket set screws in many places such as the antenna shown 
above during assembly 


Multiple-Spline features: 


ARC engineers partic ularly like these 
1. Production simplification —ARC experience has shown 
that the wrenches grip more uniformly and securely with th: 
Multiple-Spline screws. Assembly is faster and easier 


2. Performance reliability —a vital factor in ARC’s equip- 
ment. Bristol] Multiple-Spline set screws hold fast under shock 
and vibration because they can be wrenched up tighter. 
Bristol socket screws—most complete line on the market, 
industry standard hex, as well as Multiple-Spline sockets —ar 
sold by leading industrial distributors. See your distributor. H« 
can frequently give you valuable help on your particular prob- 
lems and save you time on deliveries from his complete stocks 


A.B.2 
Precision socket screw manufacturers since 1913 


Bristol's Hex Socket Screws 
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Steei. Cap screws up to 1's” diam 


Socket Screw Division 
Waterbury 20, Conn. 
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Square D Co., 4041 N. Richards, Milwau 
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Weston Electrical Instrument Corp A 
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Wheelco Instruments Div 
Co., 1403 Rock, Rockford, M) 
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Switches 


See Push Buttor 
Relays and Contactors 


CONTROLS, 
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SERVO. See 


Servomecha 


COPPER. See Brass, Bronze and Copper 


COPPER, BERYLLIUM 


CORD and TWINE, 
COIL 


Insulation Manufacturers Corp., 565 W 
Washington Blvd, Chicago 6, Ill 
Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co.. Schene 
tady 1, N. Y 

Varfiex Corp., 504 W. Court, Rome, N. Y 

Westinghouse Electric Corp., Gateway 


Center, Bldg. No. 8, 401 Liberty Ave 
Pittsburgh 22, Pa 
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ARMATURE ane 


INSULATED. See Wire and 

Insulated 

CORD, RESISTANCE LINE. Bee Resist 
ance Line Cords. 


CORD SETS 


Belden Manufacturing Co., 
Buren, Chicago 44, Ill 

Circle F_ Mfg. Co., Trentom 4, N. J 

Cornish Wire Co., Inc., 50 Church. New 
York 7, N. ¥ 

Cords IAd. Div., Essex Wire Corp.. 12) 
Dodge, DeKalb, Ill 

General Electrie Co., Construction Mate 
rials Div., Bridgeport 2, Conn. 

Phalo Plastics Corp., Commercial & Fos 
ter, Worcester 8. Mass. 

Royal Electric Corp., Pawtucket, B. | 

Westinghouse Electric Oorp., Gateway 
Center, Bldg. No. 8, 401 Liberty Ave 
Pittsburgh 80, Ps 

Wire Stripper Co, 1729 Eastham Ave 
East Cleveland 12, Ohio 
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CORES, REFRACTORY. See Ceramics 
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Magnetics, Inc., Box 3891, Butler, Pa 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
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Thomas & Skinner., Inc., 1114 EB. 28rd 
Indianapolis 7, Ind 

Westinghouse Electrie Corp Gateway 
Center, Bldg. No. 8, 401 Liberty Ave 
Pittsburgh 30, Pa 


CORK and CORK COMPOSITIONS 


Armstrong Cork Co 7011 Ingersoll Ls: 
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COUNTERS. Bee also instruments Ein 
tronic; Relays 


Berkeley Div. of Beckman Instrumenw 
Inc., 2200 Wright Ave.. Richmond % 
Calif. 

Boesch Manufaeturing Co., inc., 
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Bowmar Instrument Corp., 2415 Penney) 
vania Ave.. Fort Wayne, Ind 
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Skokie, Ml 

Veeder-Root, Inc., Hartford 3, Conn 
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COUPLINGS, FLEXIBLE 


Climax Metal Products Co 863 Bast 
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Fourteenth Ave., Kenosha, Wis 

Lovejoy Flexible Coupling Co. 4202 WW 
Lake, Chicago 44, I 
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DUPLICATING MACHINES, DIELESS 


DYNAMOMETERS 


ELECTRICAL SHEETS 


ELECTRONIC COMPONENTS 


COMPONENTS 


ELECTRONIC 
> Wir 


TUBE 


ENAMELING SHEETS, = 


ENAMELS 


EYELETS and GROMMETS 


& ( 





GENERAL CABLE 


ENAMEL and 
MAGNET WIRES 


FILM INSULATI ONS 


An oleo-resinous enamel which 
has high dielectric strength, good 
adhesion and flexibility, and low 
cost. 


CONVENTIONAL 


ENAMEL 
Class A 


SS 


A polyvinyl acetal resin which has 
superior adhesion, abrasion re- 
sistance, flexibility, and outstand- 
ing toughness. 


FORMVAR 


Class A 


epee a —— ——4~ 


A Formvar base with a thermo- 
plastic cement overcoat which can 
be readily bonded by heat or 
solvent. Especially suitable for 
coils of special shape. 


FORMEZE 
Class A 


A polyurethane-base synthetic 
enamel. Its excellent solderability 
at relatively low temperatures, 
exceptional moisture resistance, 
and outstanding dielectric prop- 
erties make it ideal for electronic 
and communication applications. 


ENAMEL ‘'G”’ 
Class A 
(unofficially 
Class E 


PAPER 
Class O (dry A special 
Class A sulation 


or impregnated 


in oil 


COTTON 
Class O (dry 
Class A (in oil 
or impregnated 


EE — - + 


| 


NYLON 


Class A 


HERMETIC 


FORMVAR 
Class A 


LECTON* 


rope paper 


Class A 
unofficially 
Class E 


ISONEL 
Class B 


Combed cotton yarn insulation. 


tape in- 


Nylon is comparable to Formvar 
except that the dielectric proper- 
ties are affected by moisture. In 
addition, it solders readily and 
has superior winding qualities in 
some applications. 


A special Formvar film having ex- 
cellent resistance to Freon 


A polyester-base synthetic enamel 
suitable for Class B (130 C) insula- 
tion systems. Its handling proper- 
ties are comparable to those of 
Formvar except for somewhat 
greater sensitivity to heat shock 


c 
r 
L 


3 
™ 


SILK, NYLON 
(YARN), RAYON 
Class O (dry 
Class A (in oil 

or impregnated 


synthetic textile in- 


GLASS (FIBER) 
Class B (with 
conventional 
Class H 


with silicone 


rical-grade glass yarn 


varnish ith varnish 


varnish 
i 


Combination of Dacron (polyester)—glass yarn, bonded with varnish. Dacron yarn im- 
proves the adhesion of the insulation to the copper and provides greater abrasion 
resistance. 


DACRON* GLASS 
(FIBER) + 


+Classification not yet definitely established (Probably Class B with conventional varnish; possibly 
Class H with silicone varnish) 


N FILM an | A —Any of the enamel films may 
be combined with any of the textile or paper insulations to meet special requirements. 


. ° aT, * 
rms “Lector r srer tered 


en 
Se = 


GENERAL CABLE CORPORATION 
420 Lexington Avenue, New York 17, New York 
Offices and Distributing Centers Coast-to-Coast 


> 


y 


IT’S NEW! 


6” Plastic Non-returnable Spools. 


for quality and service... specify GENERAL 


Circle 321 on page 17 


“CABLE 
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FABRICS INSUL 
Yarns, Thre 








Braided Fabri 






FABRICAT 


PLASTIC PARTS 
faster...at lowered cos#. 


New e-x-p-a-n-d-e-d production facilities now 
give you ACE HIGH QUALITY on all types 
of screw machine, centerless ground parts and 


special shapes .. all materials. 





+ BUTYRATE + CAST PHENOLIC + EPOXY RESIN 
ETHYL CELLULOSE 





LAMINATED 
POLYETHYLENE 


Goce 
STYRENE » COPOLYMERS + TEFLON Raybestos- Manhattan 








we : 
@ PLASTIC COMPANY, 


Extrusion Molders and Fabricators 
91-64 Van Wyck Expressway, Jamaica 35, N. Y 





* JAmaica 3-5500 


Circle 322 on page 


FASTENERS (Bolts and Nuts: 


Snap Assemblies: Pre-assembled 


IMPORTANT NOTICE! 


ANNOUNCES ITS APPOINT- 
LICENSEE 


Bolts and Nuts 


MENT AS THE 
UNITED STATES FOR THE MANUFAC. 
TURE AND SALE OF THE MOST AMAZ. 
ING BEARING IT HAS EVER WITNESSED. 
IT FEATURES A SOLID INNER AND SOLID 
OUTER RACEWAY, WITH DEEP, 
UNBROKEN BALL GROOVES AND A FULI 
COMPLEMENT OF BALLS. A BALL 
SEPARATOR MAY 
BUT IN EITHER CASE, THERE IS NO 
LOADING SLOT OR SPLIT RACE TO 
ADMIT THE BALLS TO THE BEARING. IT 
WILL BE SOLD AT VERY ATTRACTIVE 
PRICES, USUALLY WITHOUT COST 
PENALTY AS COMPARED WITH COM- 
PETITIVE BEARINGS OF COMMERCIAL 
QUALITY, YET IT WILL BE A SUPERIOR 
BEARING. PATENTS THROUGHOUT THE 
WORLD ARE COVERED BY HEIM - Qacéaé®. 
WE PLAN TO SEE YOU SOON — 

IF WE FAIL TO SEE YOU SOON ENOUGH 

— WILL YOU PLEASE CALL US? 


IN THE 








INCORPORATED, 





(F) 
. at Corp., 127 Church, 





ited-Carr Fastener 
Mountainside, N.J 


sportation Corp., 
y 3 


NRRL) mae 


ida Dest ea aL IT) 


,_Burdsall & Ward Bolt and Nut 
.. ¥. (ABF) 
of Mlinois mere Works, 


Standard Pressed Steel Co., Jenkintown 9, 





DIVISION OF CHANNING CORPORATION 


Circle 323 on page 17 





Sterling Bolt Co., 363 W. Erte, Chicago, 
Ill, (ABF) 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 221 N. LaSalle, 
Chicago 1, Ill. (ce) 

Tinnerman Products, Inc., P. O. Box 6688 
Cleveland 1, Ohio (D) 

United-Carr Fastener Corp., Cambridge 
412, Mass. (ACDE) 

Wenco Mfg. Co., 1136 W. Hubbard, Chi- 
cago 22, IIL Ss 


Lock and Snap Assemblies. (Door Panel, 
Shelf Support and Mounting, etc.) 
Din 0-Gray Co., 210 E. 6th, Dayton 2, 

thio 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Pla 1) 
tmmons Fastener Corp ] 
way, Albany 1, N. ¥ 





52° N. Broad- 





Pins — Cotter (F); 


G) Spiral ¢ 





Locking and Taper 
M 


Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp Waterbury 


Conr Fr 
Elastic Stop Nut Corp. of America, Dept | 
R 7 1222, 2330 Vauxhall Rd., I y 
I Cor , Hu h 
K Park, N G f 
7 & Buon Lo., 3653 W. brie, UChicagu 


Pre-Assembled Washers and Screws 


Continental Screw Co.. New Bedford. Mass 
National Lock Co., Rockford, I 
. « . 





‘ I este N. ¥ 

Shakey f Tllinois Tool Works 
St. Ch R Elgir Ill 

Thor & Sub. Americar 
M ry ( 520 N Dear 
bor Chicag l I 

1 ted-Carr Fastener Corp Cambridge 
42 M 


Recessed Head Screws 
Chase Brass & Copper ¢ Sub. of Kenr 
® ¢ er 











Cort Waterbury 20. Cor 
nt tal Screw Co New Bedford 
Ma 

F I & Screw Cort Rockford, Il 

Hart Co H. M., 8204 Lehigh Ave 
M Grove, I 

K e Bolt & Nut Corp 127 Church 
New York 7, N. ¥ 

Milford Rivet & Machine Co Milford 
Conr 

Lock Rockford, Ml 

Parker-Ka D Genera American 
Tra rtation Cort Entin Bd. Clif 

Russe Burdsall & Ward Bolt and Nut 
‘ Port Chester, N. ¥ 

Shakeproof D f Illinois Tool Works 
s Char R Elgir ll 

Standa P ed Ste Co., Jenkintown 
P 

Sterling Bolt C 363 W. Erie, Chicag 
I 

Thor n-Bremer & Co Sut Americar 
M ne & Foundry Co., 520 N. Dear 
bor ( ie 

Rivets 

f America, 2241-M A 4 

Bldg Pittsburgh 19. Pa 

Chase pper Co., Sub. of Kenne 

ry Waterbury 20, Conr 

cy g Machine Co 9609 W 
Ja n Blvd Bellwood, Ill 

Continent al Screw Co New Bedford 
Mt 

Der r Metallurgical Corp., 8119 Mont! 
t Ave Skokie, Til 

Fastex Div. of Illinois Tool Works, 195 
Algor Rd Des Plaines, Ill 

Gries Ret er Corp 149 Beechwood 
Ave ‘ew Rochelle, N. ¥ 

Harper (¢ H. M., 8204 Lehigh Ave 
Morton Grove, I 

Hassal Ir John, P.O, Box 2225, West 
bury, L N. ¥ 

Ke ne t & Nut Corp., 127 Church, 
New Y ce wae 


Milford Rivet & Machine Co., Milford 








R isall & Ward Bolt and Nut 
Co., Port ster, N. ¥ 

Sterling Bolt ¢ 363 W. Erie, Chicago, 
Il 

Thomson Mfg. Co., Judson L., Dept. D 
Waltham 4, Mass 


Screws—Cap and Set, Machine (H); Self 
Tapping (J) 


Allen Manufacturing Co., 133 Sheldon 

Hartford 5, Conn 

Aluminum ¢ f America, 2241-M Alcoa 
Bldg., Pittsburgh 19, Pa 

Chase Brass & Copper Co., Sub. of Kenne 
cott Copper Corp., Waterbury 20, Conn 


Continental Screw Co., New Bedford, 
Mass HJ) 

Harper Co., H. M., 8204 Lehigh Ave 
Morton Grove, Tl. (J) 

Hassall, Inc., John, P.O. Box 2225, West 
bur i. 3. B. FT. Cae 





Hubhe Ir Harvey, Bridgeport 

Keystone Bolt & Nut Co 
New York 7, N. Y. (HJ) 

Milford Rivet & Machine Co., Milford, 
Conn. (HJ) 

Moore, Inc,, George W., 85 Beaver, Wal- 
tham 54, Mass. (H) 

National Lock Co., Rockford, Til. (J) 

Parker-Kalon Div., General American 
Transportation Corp., Entin Rd., Clif 
ton, N. J. (HJ) 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y 

Set Screw & Manufacturing Co., 112 
Main, Bartlett, Ill. (H) 





ELECTRICAL MANUFACTURING 


WASHERS 


DRYERS 


7 eC aaa nt De 


att afk 2 
hy) PIZSVACINE 2LOVA 





LOW-COST, HIGH QUALITY ACRO APPLIANCE SWITCH 


e Precision snap-action switch 


techniques make it available to 
hte ae SN A Ne ES De (rolling spring type) 


you at a really low price. ACRO 


i . 7 ° ° . . 
¢ ‘2 horsepower rating 125 v A.C. rolling spring principle assures 


Compact design “‘bounce-free’’ snap action and 


Spade terminals longer life 


Silver contacts 


WRITE FOR DATA SHEET 


Beryllium copper spring members 





ACRO LIQUID LEVEL SWITCH 


You can’t buy a higher quality or 
FOR APPLIANCES 


more dependable door or control 
switch for appliances than this 
new ACRO Appliance Switch. Yet 
ACRO’s modern mass production 


Dependable control of water level 
in automatic washers anddishwashers, 
and liquid level in beverage dis- 
pensers and similar equipment is 
assured by this sensitive ACRO con- 
trol device. Pressure changes in the 
fluid (or air) to be controlled, are 
transmitted to a pressure compart 
ment, which causes a diaphragm to 
actuote a snap-action switch 





e Factory calibration to close tolerances 
e Wide range of operating pressures 
e Underwriters labeled 20 amps., '/3 HP, 
115-230 v A.C. @ Unaffected by over- 
loads to 60 psi © Corrosion-resistant 
e Available as multi-level or single 
level control 





WRITE FOR DATA SHEET 


(ow 8 


ACRO DIVISION « Dept. 252, Columbus 16, Ohio 


Circle 324 on page 17 


FEBRUARY 19 

















oWiduweste 


AND MANUFACTURING COMPANY @ 


Chicago Phone: Dickens 2-O777 


Long Distance: ONtario 2-1320 




















LARGE or SMALL 


Actual 
= Size 


WITH or WITHOUT PRONGS 


Many 
Stock 
Sizes 









Custom Engineered 


BRUSH HOLDERS? 


5 


NYLON or Phenolic 
NEED BRUSH CAPS? 













with Inserts 


or Molded 
Threads 


Write for Triple ““M” Catalog 


e GURNEE 


96 
ILLINOIS 


PLASTICS . TooLINnG - COMPRESSION - INJECTION 
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Circle 325 on page 17 


Shakeproof Div. of Illinois Tool Works 
St. Charles Rd., Elgin, Lil J 

pir iy aac Steel Co., Jenkintown § 
Pa 

Sterling Bolt Co., 363 W. Erie, Chicago 
10, Ill. (HJ) 


United-Carr Fastener Corp., Cambridge 42 
Mass HJ) 


Washers—Flat (K Lock and Spring (L 


Auburn Manufacturing Co., 306-1 Stack 
Middletown, Conn 

Chase Brass & Copper Co., Sub. of Kenne 
cott Copper Corp., Waterbury 20, Conn 


KL 





Continental Screw Co., New Bedford 
Mass. (KL) 

Cosmo Plastics Co., 3239 W. 14th, Cleve 
and 9. Ohio (K) 

Ford Radio & Mica Corp., 536-540 63rd, 
Brooklyn, N. Y. (K) (Miea) 

Garrett Cr Ir George K., Torresdale 
Ave. at Tolbut, Philadelphia 36, Pa 





Harper Co. H a — Lehigh Ave., 
tor we i (L,) 

Keystone Bolt & Nut Corp 
New York 7, N. Y. (KL) 
: k Washer Co., 40 Hermon 

N. J. (L) 
Palnut Co., Sub. of United-Carr Fastener 
Corp., 66 Glen Rd., Mountainside, N. J 


» 127 Church 





Russe Burdsall & Ward Bolt and Nut 
( Port Chester, N. ¥ 
Shakeproof D of Illinois Tool Works 


St. Charles Rd., Elgin, M1. (L) 
sas ng Bolt Co £3 W. Erte, Chicaao 
rhompson-Bremer & Co Sut Americar 
Machine and Foundry Co., 228 N. La 
; Salle, Chicago 1, I (KL) 
nited-Carr Fastener Corp., Cambridge 42 
Mass (I a 
FELT 
‘ tine Fe Co 1 oF Weert 
5t New Yor X.Y 
Weste Felt Wor Ti 4 W. Ogder 
Ave., Chicag 3, 7 
FIBRE. PHENOLIC. See Plastics—M 
s I, a ‘ t : 


ar Ext 


FIBRE VULCANIZED Board. Sheet 
Rod, Tubing 

Continental-Diamond Fibre, A Sub. of 7 
RB e Newark 13 De 

I ation Manufacturers Corp 565 W 





Vashing Bivd.. Chicago 6, T! 


a r \ nized Fibre Co Wilming 


FILTER ELEMENTS. POWDERED 
METAL 


ex D ( er Cort Detr 


FILTERS, RADIO 


4 x Cor New Bedfor Mass 








Radio Co Dir f 

one and Telegray 

ik Clifton, N. J 
. Apparatus Sales 

i) Schenectady 5, N. ¥ 

ry & Co., Ir P. R., Indianapolis 








e¢ Electric Co. 207 
ms, Mass 
Tobe Deutschmanr 


United Transforr 


Marshall, North 


Corp., Norwood, Mass 
er Co., 150 Varick, New 
FINISHES, PRODUCT. See Lacquers 


I Varnishes. Finist 


ing 


FLUORESCENT. LAMP AUXILIARIES 
Includes Adapters, Ba!iasts. Compensa- 
tors, Control! Units. Starters and Trans- 
formers For Re tors, see Resistors 
Instrument and Radio: also Capacitors 

A x Corp, New Bedford. Mass 
or r turing Co., 4444 W. Roose 














K ( ago 24.1 
Arrow-Hart & Hegemar 103 
Hawthorne, Hartford & nn 
Chicago Standard Transformer Corp., 3501 
4 n, ¢ ago 13. 11 
Circle F Mfg. Co.. Trenton 4. N. J 
General Flectr Co Construction Mate 
ria dD Br ort 2, Conr 
So Ele trie Ce 1633 W. 16th, Chicago 
e Fle ‘ 307 Marshall, North 
M 
Electr Products, Inc., 1740 
iway, New York 9.N. ¥ 
ghouse Ele Corp Gateway 
ter. Bide. No. 3, 401 Liberty Ave 
t gt : Pa 


FOILS, WIRE MARKING 


K ngsley Stamping Machine Co. 850 
Cahuenga Blvd Hollywood 38, Calif 


FOOT SWITCHES. See Switches 





FORGINGS 


American Brass Co., Waterbury 20, ts 

Chase Brass & Copper Co., Sub. of Kenne 
cott Conver Corp., Waterbury 20, Con! 

Philadelphia Bronze & Brass Cerp., wub 
a P. R. Mallory & Co., Inc., 22nd and 
Master, Philadelphia 21, Pa. 


Revere Copper and Brass, Inc 2380 Park 
Ave., New York 17, N. Y. (Non-ferrous 

Ryerson & Son, Inc., Joseph T., Chicago 
80, I 


FREQUENCY METERS. See Instruments 


FUSE HOLDERS, MOUNTINGS and 
CLIPS 


Zurndy Corp., Omaton Bir Norwalk 
Conn 

Bussmann Mfg. Div., McGraw- Edison Co 
St. Louls M 

Holub Industr 
Til 

Ideal Industries, Inc., 1008-A Park Ave 
Sycamore, Ill 

Iisco Corp., Dept, F-2, 4730 Madison Ra 
Cincinnati 27, Ohio 

Jones Div., Howard B., Cinch Mfg. Corp 
Chicago 24, Ill 

Multi Electric Mfg. Co., 4227 W. Lake 
Chicage 24, Il 

Sherman Manufacturing Co., H. B., Bat 
tle Creek, Mich 

Square D Co., 6060 Rivard, Detroit il 
Mich 











FUSES 
t Omatun Div Norwalk 
Bussmann Mfg. Div., McGraw-Edisen Co 
St. Louls 7, M 
General tric Apparatus Sales 
Dis nN. ¥ 
Royal Pawtucket, R. 1 
Weetir Corr (ateway 





Cer 
Pittsburg 


401 Limerty Ave 


GAGES TEMPERATURE PRESSURE 
and VACUUM 


Edison Industries. Thomas A., Instrument 
Dir Mc-Graw- Edison Os., West 
Orange N 

Rervomechanisms Inc Mechatrol Div.. 17 
Brooklyn, Westbury, L LL, N. ¥ 

Weston Electrical 1 rument Corp., A 
Sub. of Daystrom, Inc., 614 Freling 
huysen Ave., Newark 5, N. J 

Wheelco Instruments Div Barber-Colmar 
Co., 1403 Rock, Rockford, Ill 





GALVANOMETERS. See Instrumects 


GASKETS 

Armstrong Cork ©o., 7011 Ingersol, Lan 
caster, Pa Cork and Rubber Gomposi 
tions 

Auburn Manufacturing Co., 306-1 Stack 






Mid wn, Conr 
Chase B s & Copper Ce, Sub. of Kenne 
cott Copper Cort Waterbury 26, Conn 
icago Rawhide Manufacturing Co, 1279 
ston Ave., Chicago 22, I 





ct 


ge 6424 Oakton, Mortor 
Corp., South Hackensack 
er ( Ir P.O. Box 517 
Johns-Mar e. Box 4, New York 16 
N. ¥ 
Ray bestos-Manhattar Ine Plastk Prod 
ucts Div Manheim, Pa 
Roth Rubber ¢ 1860 S. 54th Ave., Chi 
ago lil 
United States Gasket ( Plastics Div 


of The Garlock Packing Co., Camden 1 
N. J 
Westerr Felt Works 4035-411 Ogdeo 
Ave Chicago 2 OF 
GEARMOTORS. See Motors 


GEARS and PINIONS 


American Stock Gear Div Perfection 
Gear Harvey, Ill 

Amplex Div., Chrysler Corp., Detroit 31 
Mich 

Beaver Gear Works, Inc., 1635 Parmele 
Rockford, Ill 

Bowmar Instrument Corp., 2415 Pennsy! 
vania Ave.. Ft. Wayne, Ind 

Continental-Diamond Fibre, A Sub. ef The 
Budd C¢ Newark 13, Del 

Fastex Div. of Illinois Tool Werks. 195 
Algonquin Rd., Des Plaines, Ill 

Gear Specialties, Ine., 2685 W. Medill 
Ave., Chicago 47, Il 

Gries Reproducer Corp 149 Beechwood 
Ave., New Rochelle, N. ¥ 

Merkle-Korff Gear Co., 21 
Chicago 7, ll 

Radio Cores, Inc., 9540 Tulley Ave., Oab 
Lawn, I 

Shakeproof Div. of Illinois Tool Works 
St. Charles Rd Elgin, Ill 

United States Graphite Co., 1621 Holland 
Saginaw 8, \ 


1 N. Morgan 















Westinghouse ectric Corp Gateway 
Center, Bldg. Ne. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 

Winzeler Manufacturing & Toel Co., 7355 
W_ Wilson Ave.. Chicago 31, Ill 


GENERATORS. See Motors 


GENERATORS, ELECTRONIC 
Daren Co., 536 W. Mt. Pleasant Ave.. 
Route 10, Livingston, N. J 
Genera Electric Co., Apparatus Sales 
Fy 


Div Schenectady 5, N 
Genera Electric Co., Electronics Div 
Electronics Park, Syracuse 1, N. Y 
Howard Industries Inc., 1720 State 


Racine, Wis 


ELECTRICAL MANUFACTURING 





USG. BRUSHES AND SA/Z TOOLS 


ALWAYS GIVE MAXIMUM PERFORMANCE 





Skil Portable Tools made by Skil Corporatien, Chi- 
cago, Illinois give the kind of day-to-day d&pend- 
ability which makes these tools so popular with\pro- 
fessional craftsmen and home handymen. Skil Gor- 
poration has long depended upon USG Brushes to 
maintain the high quality of their tools. 


It takes quality to maintain quality. Insist upon the 
highest quality in all component parts of your product 
. buy USG Brushes and be sure that this important 


wearing part will live up to your highest standards for 
maximum performance. 


The design engineering of 
fractional horsepower or other 
electric motors can be sim- 
plified by having all the facts 
about different brush grades 
in concise form. The USG Brush 
Catalog B-56 and Grade List be . 
do just that by putting those \ 
facts about USG Brushes at 
your fingertips . . . send for 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATIONeSAGINAW 8 


FEBRUARY 1958 





MICHIGAN 


Circle 326 on page 17 329 
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how large is small? 


DAVEN’S NEW 
MINIATURE WIRE oe na 
WOUND RESISTORS as | 3/16 3/8 
PROVIDE AS MUCH wm lial s 
AS 400K aes a | 27/68 
RESISTANCE IN nl itl iA 
if," ¥ 5/6” SPACE i 2 


Types and Specifications 


Write for our 


“DA 











Circle 327 on page 17 


Max 
Ohms 


100K 


1.8 Meg 


Livingston, N. J. 


a iia 





Max 
Watts 


0.25 


0.25 
0.33 


0.50 


0.50 


new resistor catalog 


n 


7.0 bi! 


F.O.B. 


NEW YORK 


® HIGH ACCURACY 
MEASURES FROM 0 TO 360 DEGREES 


® READINGS NOT AFFECTED BY NOISE AND 


HARMONICS 
@ PHASE SHIFTS OF THE ORDER OF .01 


CAN 





°. 


BE MEASURED EMPLOYING SPECIAL CIRCUIT 


TECHNIQUES 


@® MEASURES IN-PHASE AND QUADRATURE 


COMPONENTS SEPARATELY 


further information contact your 
representative or write for brochure 


For 


Circle 328 on page 17 


INDUSTRIAL TEST EQUIPMENT CO. 
ee 


nearest 








GERMANIUM DIODES. See Rectifiers 
Semiconductor; Transistors and Crysta 
Diodes 

GLASS-BONDED MICA 

Continental-Diamond Fibre, A Sub. of The 
Bu Co., Newark 13, Del 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 

Mycalex Corp. of America, Qlifton Blvd 





Clifton, N 


GLASS-FIBER 


YARNS, CLOTHS and 
TAPE. 


See Fabrics. Insulating 


GLASS, TECHNICAL 


Corning Glass Works, Technical Products 
Div., Corning, N. Y¥ 

Croname, Inc., 1769 Grace, Chicago 13, I) 

Hermaseal Co., 1010 Main, Elkhart, Ind 
(Tubes) 

Kopp Glass 


Inc.. Swissvale, Pa 


Lancaster Glass Co., 220 W. Main, Lar 
caster, Ohio 
GOLD, ROLLED (Plate and Wire 
! t l tr I A 
P « S r DD N. J. J 
Ave, N I N. J 
I 4 I s I ‘ 
\ =, N J 
Bnge 1 I a: Ao 
D> ' C2. 2 Ur N. J 
General Plate Div Metals «& Cuntrols 
Cor Ee oh A Ma 
Hanay & Hurman, sz Fulton, New Yoru 


38, N. Y¥, 
Ney Co., J. M., P. O. Box 990, Hartford 
i, Conn 


GRAPHITE. See Carbon and Graphite 


GREASE, BEARING 


Dow Corning Corp., Midland, Mich. (Sill- 









cone) 

GRIPS and CLAMPS, STRAIN RELIEF 

Fastex Div. of Illinois Tool Works, 195 

gonquin Rd Des Plaines, Ill 

Hey n Mfg. Co., Kenilworth 1, N. J 

Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, Il 

Walker Co., George, 118 Amsterdam Ave., 
Passai N. J 

Weckesser Co,, 5711 Northwest Highway 
Chicago 30, Ill 

GYROS 

Kearfott Co., Inc., 1878 Main Ave., Clif 
ton, N. J 


HARDNESS TESTERS 
Opto- Metr Tools, Inc., 
New York, N. Y. 


137EM Varick, 


HARNESSES and ASSEMBLIES, WIRE 


Amphenol Electronics Corp 1830 S. 54th 

, Chicago 50, ILL 

n Mfg. Co., 4 Ww 

iicago 44, Ill 

Brand & Co., In 
1, Conr 

Cornish Wire Co., 50 
Toe 

Drake Manufacturing Co., 





Van Burer 


William, Willimantic 


Church, New York 


1711 W. Hub 


bard, Chicago 22, Ill 
General Electric Co., Construction Mate- 
rials Div., Bridgeport 2. Conn 





Phalo Plastics Corp.. Commercial & Foster 





Worcester &, Mass 

Switeheraft, Inc., 1328 N. Halsted, Chi- 
ago 22, I 

Wire e Ce 1729 Eastham Ave., 
East Cleveland 12, Ohio 





HEADPHONES and HEADSETS 























Electric Sales Corp., Northlake 
I 
Stromberg-Carlson, A Div. of General 
Dynamics Corp 117 Carlson Rd., 
ter 3, N. ¥ 
HEATING ELEMENTS and UNITS 
Anderson Controls, Inc., 2777 Mannheim 
Rd., Des Plaine Il 
Cutler-Hammer, Inc 1264 St. Paul Ave., 
ilwaukee 1, Wis 
ve Cc Wilbur B 1875 McCarter 
way, Newark 4, N. J 
Electri Co., Apparatus Sales 
v Schenectady 5, N E 
St Man Manufacturing Corp., 429-33 E. 
th, New York 56. N. Y. 
5 Co., 490 Lexington Ave., Homer 
City, Pa 
Vulcan Electrie Co., Danvers 2, Mass. 
Watlow Electric Mfg. Co., 1362 Ferguson 
St. Louis 14, Mo 
10Usé Electri Corp.. Gateway 


Bldg. No. 8, 401 Liberty Ave., 
urgh 30, Pa 
Co Edwin L., 
*ittsburgh 8, Pa 


7530 Thomas 





HEAT LIMITERS 
3 Mfg. Div 


Mo 


sussmanr 


. MeGraw-Edison Co., 
St. Louis 7 


HERMETIC SEALS 
minals, Hermetic 


See Seals and Ter- 


HIGH-FREQUENCY HEATING UNITS 

Allis-Chalmers, Milwaukee 1, Wis. 

General Electric Co., Apparatus Sales Div., 
y 


Schenectady 5, N 
Radio Receptor Co., Inc., Semiconductor 
Div 240 Wythe Ave., Brooklyn 11, 
ie 





Westinghouse Electri Corp., Gateway 
C er Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 

HIGH NICKEL ALLOYS. See Nickel and 


Nickel All 


HOLDERS, COMMUTATOR BRUSH 

Midwest Molding & Mfg. Co., Gurnee 96 
I 

Mycalex Corp. of 
Clifton, N. J 

Phoenix Electri 
Chicago 24, I 


erica, Clifton B 
jlass-Bonded Mica 
Mfg. Co., 4211 W. cake 





IMMERSION HEATER UNITS. See Heat 
ing Elements and Units 


IMPACT EXTRUSIONS, ALUMINUM 








Hunter-Douglas Aluminum Corp Dept 
EM-12, Riverside, Calif 

IMPREGNATING COMPOUNDS. See Ce 
ment, Insulating and Sealing; Waxes anc 


Compounds 
INDICATORS, HEAT. See Thermometers 
INDICATORS, SPEED. 


See Tachometers 


INDUCTION HEATING. 
quency Heating Units 


See High-Fre 


INFRA-RED LAMPS. 
fescent and Infra-red 


See Lamps, Incan 


INSTRUMENTS 
URING 


ELECTRICAL MEAS 
AND TESTING 






Federal ‘ 
Internationa 
Corp., 


100 Kingsland Rd., Clifton, N. J 


” Beckman Instru 
O. Box 458, Newport 





Beach, Calif 
Industrial Instruments. In 89 Commerre 
Cedar Grove, Essex County, N. J 

































al Test Equipment Co., 55 E. 11th 
Rk OB 
Po) 408 N. Fair Oaks 
asadena, Calif 
1 Pneumatic Coe., Inc Holtzer 
Cabot Di 125 Amory, Boston 19 
Mass 
Precision Apparatus Co., Inc., 70-81 84th 
Glendale 27. L. L. N.Y 
Radio C f America, Dept. 0-44, Bidg 
5-1 J 
Sensitive r ner Corp 210 
Mai Y 
Simps 5200 W Kinzie 
Chicag 
Texas Ins orporated, 6000 Lem 
mon Ave ia 9 Texas 
Triplett Electrical Instrument Co., Bluff 
ton, Ohio 
Westing! e Electric Corp Gatewas 
Center Bldg. No. 3, 401 Liberty Ave 
Pittsburgh : Pa 
Westor Instrument Cory X sub 
of Day Ir 614 Frelinghuyser 
Ave Nev ia - 
Wheelro I! iment D Rarber-Colmar 
Co., 1403 Rock, Rockford, Ml! 
INSTRUMENTS, ELECTRONIC. See als 
Oscille es Recorders, Oscillograph! 
Recorders, Magnetic 
Berkeley Div f Beckman Instruments 
In 2200 Wright Ave., Richmond 8 
Calif 
Burroughs Corp Electror Instrumente 
Div., Dept. F, 1209 Vine, Philadelphis 
7. Pa 
Daven ( Ave 
Route 1f 
Federal Telep Div. of 
Internationa Telegrapt 
Corn The Kir ‘ ftew s 
Hewlett-Packard Co M P M 
Rd Da Alt Ca 
General Electric Co., Apparatus Sales Div 
Schenectady 5. N. Y 


Industrial Test Equipment Co., 55 E, 11th 
New York 3. N. Y 


Librascope, Inc., 808 Western Ave., Glen- 


dale 1, Calif 
Magnetic Amplifiers, Inc 632 Tinton 
Ave.. New York 55, N. Y 


Radio Corp. of America, Dept. 0-44, Bldg 
15-1, Camden, N. J 


Sanborn Co., Industrial Div., 175 Wyman 
Waltham 54, Mass 
Simpson Electric Co., 5200 W. Kinzie 





Chicago 44, Til 
Triplett Electrical 

ton, Ohio 
Union Switch & S 

Air Brake Co 


Instrument Co., Bluff- 


1 Div., Westinghouse 
yurgh 18, Pa 






Weston Electrical strument Corp., A 
sub. of Daystrom, Inc., 614 Frelinghuy 
sen Ave., Newark 5, N. J 

INSTRUMENTS, LABORATORY 
STANDARD 

Chatillon & Sons John, 85 Cliff. New 
York, N. Y. 

Electro Products Laberatories, Inc., 450 
N. Ravenswood Ave., Chicago 40, Ill 


ELECTRICAL MANUFACTURING 








EVEN DA VINCI’S DESIGN COULD HAVE BEEN BETTER 
WITH HELP FROM AN S))<')F ENGINEER-— An 


| | 1] 
nas tc pusn one pearina over anotner, heron S makes ail fo r 


YVCI © VCCQOU UKS YU 


bearings in over 3,000 sizes. This gives every engineer the kind c 


+, 


) keep an open mind on any bearing problem. Give your prot 


cere ere eer ree eee ee eeeeeeeseseeeeeeeeeeeeeeeeeeeeeeeeeeeses 


a | 
EVERY TYPE— EVERY USE 


okKF. 


. ‘ . SRF INDUSTRIES. INC PHILADELPHIA 32. PA 
Sphe rical. ylindruc al. Ball and “Tyson Tape red Roller Be arings 


ane 66666604600 % 


ere eee ee ee ee eee eee eee eeeeeeeeeeee se eeeeeeeeseeeeeeeeeeeeee 
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SICHe 240 VT PUGS fF 
















PVC All- -Vinyl, Un- 
breakable heavy \ 
duty Srip Caps, for | 
2 or 3 wire applica- | 
tions...dead front 
blades locked 















in 








































































-assemble 





Send us specifi- 
cations and or 
blueprint for our 
quotation on your 
power supply cord 
requirements. 


pLecteic / 


S rea 


mapetiedeien naan Vereen CORPORATION 


a 2S S< ° at phone and Telegraph 


PAWTUCKET RHODE ISLAND 


Manufacturers of WIRE * CABLE * CORD SETS * FUSES * WIRING DEVICES 


Corporatio 
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General Electric Co Apparatus Sale 
Div Schenectady 5, N. Y 
Moseley Co., F. L., 409 N 
Ave.. Pasadena, Calif 
Radio Frequency Laboratories, Inc., 
ton J 
Sensitive Research 
Rochelle, N. Y¥ 
Triplett Electrical 
ton Ohi 
Westinghouse Electric 
Center, Bidg. N g 
Pittsburgh 2 
Weston Electrical Instrument Corp A 
sub. of Daystrom, Inc., ig Frelinghuy- 
sen Ave Newark N 
Wheelco Instrument Div., “hater Colman 
Co., 1403 Rock, Rockford, IL 


Fair Oaks 
Boon 
Instrument Corp., New 
Instrument Co., Bluff 


Corp 
401 Liberty 


Gateway 
Ave 











INSULATING MATERIALS. Bee follow 
ing specific headings: 
Cement, Insulating and Sealing 
Cer 5 
Cork and Cork Compositions 
Fabrics, Insulating 
Felt 


Fibre, Vulcanized 
Gl lass-Bo mnded “Mica 





















Ir ation, Wire and Cable 
Mi a, Molded and Laminated 
Paper, Ir ting 
Plast 8 ling, Laminating, Casting 
and Extrusion Compounds 
Plastics, Sheets, Rods and Tubes 
Rubber and Rubber Products 
licones 
stesring and Tape, Asbestos 
r heeting, Synthetic Resin 
Tape ction and Splice 
Tubing @ Sleeving, Braided Fabric 


Tubing and Sleeving. Extruded Plastic 
Tubing. Paper 


Varnishes, Compounds and Resins. In 
sulating 
Waxes and Compounds 


INSULATION, WIRE and CABLE 
(Ceramic and Synthetic) 


an Lava Corp., Chattancoga 





te Co., Div, of Union Carbide Corp 
New York 17, N, Y. 
Dow Corning Corp Midland i 
le New urs & Co. (l 
Div Polychemi 
ngton 98 Del 
al Electr Co., Construction Mate 
Div., Bridgeport 2, Conn. 
h Chemical Co B. F., Dept 
3 , Ave., Cleveland 15, 















oO Che a Co 200 Bush, Sar 
Frar alif 

Sprague Electric Co., 7 Marshall, North 
Adam Mass 

IRONS SOLDERING See Soldering 
Equipment 

ISOLATORS, VIBRATION and SHOCK 
Ss M ting Rubber and Syntheti 

JEWEL LIGHT ASSEMBLIES ee 
Lights, Pilot and Indicator 

JUMPERS, CIRCUIT 
anco Cort W a Ave.. Burbank 








KNOBS. CAPS and HANDLES 
Da M g ¢ Harry 1428 
“ ‘ ig Iil 
D Gra 1 E 6th, Dayton 2 
oO 
L-~Ka I 419 S. Broadway, Da 
0 
Giass Cort 220 W Mair 
La er. O 
Midw M g & Mfg. Co.. Gurnee 
I ar Co., 27 Lake, Melrose Park 
KR Bre rs. 8027 N. Monticello Ave 
~ a 1 
LACQUERS. ENAMELS, PAINTS and 
VARNISHES, FINISHING 
A Re: rch Pr 8 Ine 4004 
I Monument, Ba re 5, Md 
4 ( America 5 B Alcoa 
gh ». Pa 
i ec D fl mm Carbide Corp 
BE 4 N York 17, N. Y. 
D ( ng ¢ Midland Mict 
Ss e Kesir and Varnishes) 
I le N murs & Co In I I 
I es Dept., Wilmington 98, De 
s ‘ “ a ‘ General Industria 
Di ( Ohio 


LAMINATED METALS, PRECIOUS 
BASE (Sheet, Tube and Wire) 


®@ Washington, M 


and 


Enge r r I Chemical Div 
I rd I ri 1 HA. Wilsor 
) € N. J 


LAMINATED PLASTICS. See Plast 
LAMINATIONS, MOTOR and 
TRANSFORMER 


Ma t Meta ‘ Hayes Ave a 
t Camden 1.N. 3 

Magnetics, Ir Rox 391, Butler, Pa 

I & Sk r Il 1114 E. 235r 
I 4 7 Ind 


LAMPS FLUORESUENT 


General Electr ( Nela Park, Clevelar 
or 





We house Electr Corp Gateway 
( Bldg. No 4 Liberty Ave 
I rgh Pa 

LAMPS, INCANDESCENT and 
INFRA-RED 

General Electric Co., Nela Park, Clevela 
2 oO 

W nghouse Electric Corp Gateway 
Center, Bldg. No 401 Liberty Ave 
P ré 3 Pa 

LAMPS, MERCURY VAPOR 

General Electric Co., Nela Park, Clevela 

0 

Westir » Electr Cort Gatew 
Center, Bldg. N 401 Liberty Ave 
P bu : 


LAMPS, 
cator) 


MINIATURE 


Pilet and ind 





LAVA. 


LAYOUT FLUID 


Dyk Co.. 2 FN h, St. Leule 4 
M 


LENSES, PRESSED GLASS 











Corning Glass Works. 1 al Produ 

D Cor g N.Y 
Gla I Sw ale, Pa 
I aster Gla ‘ o WwW. Ma 
a 0 

LIGHTING FIXTURES 

Killark } Manufa ing Oo Var 
jeventer Easton Aves St. Leuls 1 
Mo 

LIGHTS, PILOT and INDICATOR 

Arrow-Hart & Hegeman Electric Co., 105 
Hawthorne, Hartford 6. Cenn 

( n le Co Dept 500, 326 

it, Los Angeles 31, Calif 

Co i be a cuse 1, N. ¥ 

Dialight Cort 44 Stewart Ave.. Brookly: 
-". ¥ 

Drake Manufact Co., 1711 W. Hut 
ar ( ago 22, Ml 

Genera ectri Co Miniature Lam 
Der Park, Cleveland 12. Ohi 

Hart Ma ng Co., 211 Bartholomes 
Ave Conn 

Hethe 1200 Bimwoed Ave 





Johnso 2331 Second Ave 
Pass & "Ine Solvay Statior 
Pyle-Na 88 N. Kostner Ave 
a. o> Co., 4041 N. Bichards. Mi 


LOCKNUTS and LOCK WASHERS 


See Fasteners 

LUBRICANTS 

Fluidwick ¢ East Outer Dr., De 
troit 34, M 

She Oil ¢ W. 59th, New Yerk 2 
ee 


LUBRICATORS, OIL and GREASE 


Fluidwick © East Outer Dr.. D+ 
t 4,.M 
Gits Br Mfg. C 1846 8. Kilbour 
Ave Chicago 2 I 
Ma 


M Cor Waubesa 


LUGS and TERMINALS 











AMP I rporated, 5284 Eisenhower Blva 
Harr gz. Pa 
A an Bra Co.. Waterbury 2@. Cor 
Buchanan Electrical Products Corp., 2? 
Rout H side, N. J 
Bur ‘ Omaton Div., Norwalt 
‘ 
Ca nionic Corp 458 Concor 
Ave 38. Mase 
Hart ng Ce Bartholomey 
A Conr 
He A R Keni!worth 1. N. J 
I » Cor k 4730 Madi 
R ( innati 27, Ohic 
Johr ( I F 2331 Second Av 
s VW Waseca Minr 
J I Howard B.. ¢ b Mfg. Cort 
( z I 
Kr xk H 3 Evans, Clr 
: A) 
Ma a Manufacturing Co 402 
W. Lake. ( ago 24. «Ill 
M ‘4 America, Clifton Blvd 
cle v. J 
Raja ‘ Ve a Ave Newark 4 
N. J 
Seale Cort f Fayette Ave., Mama 
‘ Y 
Shak ‘ p eo 2 is Tool Work 
St. Char I Elgin, Il 
Ss Ma iring Co H. B Bat 
tle Creek, M 
T na & Betts © Ine 28 Butler 
Elizabeth 1. N. J 
Thor I Tr & ( Sub. America 
M ry ( 228 N. La 
Sa ( Ill 
MACHINES. See sp headings 
Bala g: Coil Winding: Drafting Re 
pr en; M Plasti Rivet 
Ss ing Str ers Wire; Vibratior 


re 
MAGNETIC AMPLIFIEKS 


Airpax Products Co Fort Lauderdale 


MANUFACTURING 
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by millions of contacts 


NATIONAL 


TRADE MARK 





NAP- LOCK 


As illustrated below, National Acme SNAP-LOCK Limit Switches 
employ a basically simple yet positive snap-action locking mech- 
anism—with extremely few moving parts. Thus wear is reduced 
to a minimum and dependable trouble-free service, far beyond 
normal limits, is assured. 

The double-throw contact lever, connected directly by shaft 
with the latch bar, carries self wiping coin silver contact points 
to assure quick action make or break reducing wear ever further. 


Electrical and mechanical sides are separated by a wall within a sturdy 
die-cast housing which is fully insulated and is dust and oil-tight. 


ELECTRICAL SIDE MECHANICAL SIDE 





SNAP-ACTION 
LOCKING SWITCH 


SNAP-LOCK LIMIT SWITCHES. Made in single- 
pole and double-pole series, in four types: 
Standard, Short Travel, Neutral Position and 
Push Lever. With the exception of the Push Lever 
Switch, all are adaptable to special enclosures 
for hazardous location service and may be used 


with various styles of operating levers. For 
AC or DC service. 









and now 


a new design concept for CONTROL STATION SWITCHES 
the heavy-duty ... oil, water, dust tight GOLD-N-RING 


} 
2 ¢ 


Heavy duty silver-alloy contact points provide max- N-RING push button and selector operator heads. 
imum electrical capacity, long life. Rated for 600 volts—AC or DC. Meets all Joint In- 
Heavy duty terminal screws have °” thread contact dustry Committee and National Machine Tool Builder's 
to prevent stripping during installation and perma- Association requirements. 

nently secure wires for continuous, trouble-free ser- Protected against oil and water seepage in operator 
vice. 


head by Sealtight oil-resistant rubber diaphragm. 
Single or double-pole contact block assemblies—can Easily replaces existing switches. 
be used interchangeably with several types of GOLD- 


ELEetTtreicat M NUFACTURING D 


the National Acme company 


176 EAST 131st STREET, CLEVELAND 8, OHIO 


“ 
° 
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STE CT 


MAGNETIC BRAKE PROBLEMS 
"Tha 


A COMPLETE LINE OF 
Direct-Acting 
MAGNETIC 

DISC BRAKES 


Eighteen models of 
Dings Magnetic 
Brakes, with a torque 
range of 114 to 175 
lbs. ft., meet every re- 
quirement for smooth stops and dependable hold- 
ing, with low maintenance costs. Simply designed 
and ruggedly built, these efficient units are direct 
acting for instantaneous release and positive stops. 
There are no mechanical linkages and levers to 
maintain. Designed for mounting on all old and 
new re-rated NEMA type “C” motor flanges and 
for standard NEMA shaft extensions. 



























“THRU-SHAFT” applications for facilitating di- 
rect coupling, use of hand cranks, tachometer, 
plugging switch, pulleys, etc., are easily accom- 
plished by a simple modification of the cover. 


NEW hazardous-location 


MAGNETIC DISC BRAKES 


Now Dings combines all the advan- 
tages of magnetic disc 
brakes hazardous-location fea- 
tures tested and approved by Under 
writers Laboratories the ‘707’ 
Series for Class I, Group D:; and the 
“709” Series for Class I, Groups C and D, and Class 
II, Groups E, F, G 


direct-acting 
with 


NEW magnetically-engaged 
CLUTCH COUPLINGS 


Dings improved Magnetic Clutch 
Coupling is a heavy-duty, low in 
ertia, positive engagement type util 
izing serrated teeth for transmitting 
high torques without slippage. The 
new, re-rated line now meets wider applications, with 
ratings from 1200 through 32,000 lb.-ft. torque 





Take advantage of Dings complete engineering 
service for your brake or clutch problems. 
Write or phone today. 





DINGS BRAKES, Inc. 


Z Z A Subsidiary of Dings Magnetic Separator Co, 


4713 West Electric Avenue 
Milwaukee 46, Wisconsin 


C° 
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Berkeley Div. of Beckman Instrumenu 
Ir 2200 Wright Ave., Richmend 3 
391. Butler, Pa 
Delta-Star Div H. K 

Ir Lockport. TH 
nent Corp 000 FE. B 
P 
ri a Appasatus Sales 
tady 5, N. Y¥ 
Inc., 1378 Maim Ave 
J 
plifiers Ir 632 Tinton 
rk 55, N. Y¥ 
Div Vickers Inc., 1808 
Louis Mo 
slec Corp Gateways 
491 Liberty Ave 
MAGNETIC BRAKES. See Brakes, Mag 


neti 


MAGNETIC MATERIALS. See Steel F 
trica Ma t Permanent Magnetic 
rder Components; Powdered Metal 





Re 
Pr 


MAGNETIC RECORDER COMPONENTS 
Driver © Wilbur B 875 McCarter 
Highway. Newark 4, N. J 





Minnesota Mining & Mfg. Co., Electrica 
Products Div., 900 Fauquier Ave St 
Paul 6, Minr Tape) 

Stromberg-Carlsor A Div of General 
Dyna Cor 117 Carlson Rd 





Rochester 3, N. Y 


MAGNETIZERS and DEMAGNETIZERS 











Radio Frequer Laboratories, In Boon 
t N. J 
MAGNETS. PERMANENT 
Arr Er eerir ‘ Marengo Il 
Crucible Steel ¢ f America, Chamber of 
Commerce Bldg., Pittsburgh 19. Pa 
General Electr Co., Metallurgical Prod 
cts Dept 11 E. 8 Mile Ave., De 
troit Mich 
S Ir ( v 
I 
The & Skinner I 1114 E. 23rd 
Ir a is 7, Ind 
MAGNET WIRE. See Wire. Magnet 
MARKERS, IDENTIFICATION 
Brand & Co., I . William, Willimantic 
Conr 
Nati & Tag ( Dept. 9 4 
New 
Natvar 207 Ra h Ave Wood 
r J 
Parl te Co. Ir 34-10 Linden 
I F Nn. ¥ 
MARKING MACHINES and DEVICES 
(For marking Wire, Foil, Plates, ete) 
Kingsley Stamping Machine Co 5 
Cahuenga Bivd Hollywood 38. Calif 
MATERIALS HANDLING EQUIPMENT 
1-Diamor Fibre A Sub. of 
id ¢ Newark 13 De 
nized Fibre Co., Wilming 
Myer I Crane & Hoist 
Il Sor f o 


Spaulding Fibre Co., Inc., Tonawanda 
N. ¥ 


MERCURY RELAYS. See Relays 
MERCURY SWITCHES. See Switches 


METALS 


LAMINATED. See Laminate 
feta Pr is ar 


i Base 


METALS, PRECIOUS. See Gold; Lami 
ated Metals; Platinun 


Silver 


METALS. RARE 
I I ' 





r 1 Corp., Nortn Cnt 
( I P. R., Indiana t 
METERS, HOUR 
Haydon Mfg. Co., Inc., 2536 Elm Tor 
ringtor Conn 
Hobbs Corr John W Di of Stewart 
Warner Corp., 2078 Yale Blvd., Spring 
field, Til 
Indust Timer Corr 1411 McCarter 





way, Newark 4, N. J 





GLASS-BONDED See Glass 


nded M 


MICA, MOLDED and LAMINATED 


(Sheets, Plate, Tape. Tubes, Rings 
Segments, Washers, etc.) 
Brar c¢ Co., Inc William, Willimantic 





Conti al-Diamond 
The Budd Co 
Ford Rz 
Brookl 
General 


Fibre, A 
Newark 13, Del 
fio & Mica Corp., 536-540 63rd 
me ue 


Sub. « 





Laminated Product 


565 W 





acturers Corp.. 
ashingtor Chicago 6, Tl 


Macallen Co tay Rd., Newmarket, N. H 


Mica Insulator (Cx Sub. of Minnesots 
Mining and Manufacturing Co., Schenec 
tady 1. N. ¥ 


MICA UNDERCUTTERS 


Ideal Industries, Ir 1008-A Park Ave 
Sycamore, Ml, 


MANUFACTURING 


MICROPHONES 
American — Microphone Flectronics Div 


Co., 370 S, Fair 


Sales 


INSPECTION and 


tical Co 84717 St 
N. ¥ 
137EM Varick 





MOLDED INSULATION and MOLDED 
PRODUCTS. See Ceramics; Mica; Plas- 
ties; Rubber 

MOLDING MACHINES, PLASTIC 

Automat M Ma wi < 
Wa Br r I M 

Detr M 

Newbury | I Box 18 New 
bury, O 

MOLYBDENUM—(Sheet and Wire) See 
also Contacts 

Fansteel Metallurgical Cor North C1 
ag I 

Mallory & ¢ I Pr &@ Indianar 8 
6, Ind 

MOTOR BASES. ADJUSTABLE 

Allis-¢ mer Milwaukee 1. W 

L Flexible Coupling C 1802 W 
Lake. Chicago 44, I 


MOTOR CONTROLS and STARTERS. See 


Cont ers. Motor: P Button Sta 

MOTOR GENERATOR SETS 

E Works yelta Star Dis H K 
Porter (¢ I Lockport, Ill 

Kat Engir r oe 8 Marxf 4 
Mankat M 

Lea Cort et-Palmer D 4441 S 
s a Fe Los Ar e 8. ¢ f 





MOTORS and GENERATORS. See Motors 
Ta P 


MOUNTINGS. RUBBER and 


SYNTHETIC 
Johns-Manville. Dutch Brand Products 
TRO WwW jlawn Ave ct ig ) I 


MOVEMENTS, CLOCK and TIMING 











Haydon Co A W 234 North Elm 
Waterbury ‘ C 
H m Mf ( I 25 Elm, Tor 
imatem etna 
NAME and INSTRUCTION PLATES 
Croname, Ir 7 Grace, Chicago 13 
1 
Lat G ( 2 Ww. Ma 
a oO 
I ‘ ( Sut ‘eM ya 
& Manuf ring (¢ Sche 
N. Y 
Dial & Name Plate Co 4 N 
emple Ci Bird, El Monte, Calif 
Park Nameplate ( I 34 I jen 
Pl I shing 54, N. ¥ 
NICKEL and NICKEL ALLOYS 
(Rod, Sheet, Tubing, Wire) 
ss ( Waterbury 20, Conr 
Co., 115 W. Bern, Read 
er Co., Sut f K 
Cor Waterbury 
McCarter 
J 
es D 
Controls 
M 
67 W 
P 





Wate r ‘ 


NICKEL-SILVER 
(Rod, Sheet, Tubing, Wire) 
American Brass C Waterbury 20. Conr 
Chase Brase & Copper Co., Sub. of Kea 
necott Copper Corp., Waterbury 20 
Conn 
Revere Copper and Brass, Inc., 





230 Park 


Ave New York 17, N. Y¥ 

Riverside-Alloy Metal Div., H. K. Porter 
Co., Inc Riverside, N. J 

Seymour Manufacturing Co Seymour 
Conn 

NON-MAGNETIC IRON and STEEL 
See Steel, Stainless 


NUTS. See Fasteners 


OHMETERS. See Instruments 


OILERS. See Lubricators, Oll and Grease 


OSCILLATORS. See Instruments 
OSCILLOSCOPES. See also Instruments 
Electronic; Recorders Oscillographirc 
Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General FElectric Co., Apparatus Sales 
Div., Schenectady 5, N. ¥ 

Hughes Products, Electron Tube. Div. of 


International Air- 
Calif 


Hughes Aircraft Co., 
port Sta., Los Angeles 45, 


ELECTRICAL MANUFACTURING 


FEBRUARY 1958 Circle 331 on page 17 


Begin your Design Research with the 
»-Year ANNOTATED 


EDITORIAL INDEX 


toall |} aa ert Feature Articles 

















pci Fremhmonnsiy published during 1951-1955 


Tid-dielectric, and the solid-state 


Contact Devices 
Slip Rings for Electrical Circuits, W. F. Mason 
Voltages to 30 kv, currents to 600 amp, fre- 
quencies to 100 me are handled by slip rings 


| IT'S A PRACTICAL REFERENCE SOURCE 
eee eat Bede tenes FOR EVERY ENGINEER ENGAGED IN 


and materials are discussed in this article. 


Attachment of Electrical Contacts, J. W. Kehoe. May PRODUCT DEVELOPMENT AND RESEARCH 


An examination of commonly used welding 
and brazing techniques for the attachment of 


At 


contacts. New applications of the induction This cumulative five-year Annotated Editorial Index to 
and yas-air brazing processes demonstrate k ' 
their ability to produce close heat control and -LECTRICAL MANUFACTURING has been especially planned 


their suitability for large scale output to serve the working needs of those concerned with the de 


Electrical Contact Materials, Dr. J. D. Kleis Apr 55 sign engineering of electrically energized products. (There’s 
r Mechanical and electrical properties of over 5 

wae ees :; ; o a separately bound Index for 1956—see order coupon below.) 
thirty metals. alloys and oxides thereof are —_ elo 
related to performance in five classes of appli- Tl .,3 ' . 

cation ranging from sensitive, low current = ibject Index—see specimen opposite—is based on 
contacts to heavy duty switchgear with con- 


i functional subject classification that has been developed 
siderable arcing present 


by the editors of ELECTRICAL MANUFACTURING for their own 


’ 
Electrical Contacts—I, IF. J. Spayth and V. E. use. It reflects contemporary concepts of the design appli- 
Heil Sep 54 fe [ . ; 
: es tions ¢ materials ponents. | cesses ; 2c Ss 
A Contact resistance, metal transfer, erosion = f materials, a Marat "| FRR anaes and technique 
sticking or welding and energy dissipation The cumulative annotations provide a valuable, time-saving 
* are performance factors covered under con- reference source, both to recent and earlier literature. For 
\ tact physics in Part | of a two-part article 14 i te ai , 
3 : : idded convenience, an alphabetical author’s index is also 
S$; Electrical Contacts—II, F. J. Spayth and V. E ded 
> = yrovided. 
Ge Heil Oct 54 ; 
+ In the concluding part of the article, per- i, 


formance factors are discussed on four basic %j The five-vear cumulative Annotated Index comprises 6( 


4 
¥ contact material pure metals, true alloys, pages. It is printed on a durable white paper stock and 
ta silver semi-refractory Compacts and composi- Wit titched to handv fil i 914,” i ge 

° . wire-stitcner o hans nie-size, O*o i 

' tions of refractory metals with silver or ; Sete . = 
‘ copper. i - 


' 
s accompanied by remittance 


» Carbon Brushes for Electrical Machines—I, a hae < ii Ney ee Sa : a 

W. R. Appleman and F. J. Oliver Me Se ee ee een ee eee ran ieee 
is survey of current practices in brush ang ment i ixiahiou the same address, the per copy price 1s 
tion attempts to relate design fac $1.75. Please make checks payable to The ¢ 


rage Publishing Com 
erating conditions on rotating, 4 anv, 125¢ t Avenue, N y 


' ; J pany, 1250 Sixth ie, New rk 20. N.Y 
me ary 1b glabra 
THE GAGE PUBLISHING COMPANY 
1250 Sixth Avenue 
New York 20, New York 
Please mail promptly copies of the ANNOTATED INDEX OF 


$00 per copy, 
postpaid 


Use this order form to receive a 
gratis copy of the 1956 Index. 


ELECTRICAL MANUFACTURING, 1951-1955. Remittance of $ 
is enclosed. It is understood that a gratis copy of the separately bound 
1956 INDEX will be included. (One copy for each 5-Year Index ordered) : 


Name _ 
Company _ 
Address _ 
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A-C D-C Univ. | Synch. 
acpsiceemmatal 
Miniature Timing Motors, Geared x | A 
Subfractional, Under 1/20 Hp B Cc D | E 
~ ria | = 
Fractional, 1/20, % Hp F G H | J 
Mac Integral, 1 to 744 Hp K L M 
Integral, Over 744 Hp N Oo P 
Gearmotors Q R Ss = 
é Or 4 Generators U Vv Ww 
A Low Voltages (Under 110) Y Zz & 
Moore offers you a fast, 
Allis-Chaimers, Milwaukee 1, Wis KL How t Motors Cc Howell, Mich 
dependable and NOQRUVYZ FGKLMNOPQRT 
5 Allis ¢ The Louis, Milwaukee 7, Wis. Jack & Heintz. I 17620 Broadway 
KLNOQRUVY ‘ i Oo FF 
economical ig for Baldor, Electric o., 4353 Duncan Ave. anette Electric Mtg. Co.. Morton Grove 
one or a million Barber-Colman Co. Dent B. 1808 Rock _ Jl. (FGKLQRUV) 
a et Rock i 3CEYZ) eee Ss a — 
Moore Set Screws are precision if; ; Bodine ectr ( 2256 W. Ohio. Chi Tent 
made and are backed by over 75 Condensed Specifications ag I ABCDEFGHIJQRTYZ& Lai ~ ane rie Co., Kent, Ohio (BCDEF 
years of design engineering and Headless} Square | Socket B : ~ Or Di ‘ V ee a . a Marat! n Electric Mfg. Corp.. Cherry & 
manufacturing experience They Slotted Heod Head ( car or F R Wausau, Wis. (FGKLNOTYV 
are of proper hardness for maxi , = - Ce ry E in Ce 1806 Pine. St. Louis Ma Co., Div. of Reliance Elec 
mum strength and life; they have FO to %4"|=b6to 4%" F 4 to % M FGKLNOPQRU VWYZ : ‘OPO ri vw eee 
accurate »ads for secure Cramer ntrols Cort 3 Center FGIKLMNOPQRTUVW 
accurate threads for secure lock Lengths 4103” 1%,t02%4"| Ye tol” mer Cont : x 8 ‘enter roe tome Gone Ge M. Morgen 
ing action; and they are quality 4 1c > 7.0 ’ 2 
-ontrolled f . f Daystror Transicotl] Corp Worcester Chicago 7. I ABCD HIQRTYZ&) 
controlled for consistent uniform Points cup, oval, round, flat, Montgomery County, Pa. (Servo) Moen Trading Co., 7 W. 24th, New York 
ity. You get fast delivery off cone, dog Die Manufacturing Cc Electr 1 N. ¥ ‘ 
the shelf on standard items; two - of The Singer Manufacturing som- Molon Motor and ‘ Corp. 2432 W 
or three-day part shipments on Moterials| steel, brass, bronze, stain- er N. J. (BCFHKNYV) (Servo George, Chicago 18, I BE) 
specials - less, aluminum, alloy Doerr ectr COT i te N. 4th Ave M noresear h On 2e8° Junction Ave., Ra 
Ce s GKL e, Wis 
Improve your product and ee Eator Co.. Dynamatic Div.. 3307 Oster Manufacturing Co., John. Avionle 
maintain production schedules s yee i aa et arteentt ens ha Wis (FKN) Div Racine wis BCFGHUVY& 
» Se scre > pecia eads — milled, slabbed, iclipse- Pioneer div endix Aviatior Servo and Synehro 
with Moore Set Screws Engi ease dace, gnc Hous Saternale WS. tharos a Rae Mot a rp., 2009 Kewanee, Racine 
neering assistance available. si = a Flectric Specialty © 1 South, Star Wis. (BCDFGHYZ& 
Minicture Headless—*0, +1, #2 ford, Conn. (FGJKLMNOPUVWYZ Reliance Electric & Engineering Co. Dept 
. ~ : . = : Emerson Electric Mfg. (x St. Louis 21 T2-A. Cleve i 17, Ohio (FGRLNOY 
Moore prices are right =3 sizes in a wide selection of ~ peec Bite 92274. Cleveland 17, Ohio (ORLEGT 
Send for Detailed Price Catalog. metals, finishes, lengths and points. Fasco Industries. Inc., Rochester 2, N. Y KNQ 
RCDFGHYZ&) Robbins & Myers, Ir Motor Div 
+-M Laboratories Ir $338 N. Knox Ave Springfleld Ohio (BCDBFGJKNT 
‘ ago 41, I Ser Robertshaw-Fultor Controls Co Actc 
PTetst ah George W. Moore, Inc. | He wstin te saprtn tem Be TS 
Div.. Schenectady 5. N. ¥ Scruggs Co, Loyd, Festus, Mo (BCD 
eorge ° oore, inc. BCDEFGHJKLMNOPQRSTUVWY? YZ& 
ate since 1880 General Industries Co.. Dept. GL, Elyria, Servomechanisms Ir Mechatrol : D ; 
Oni BQYZ 17 B ® Ave Westbury 4 
Globe Industrie Dayto 4. Ohio N Ser 
85 Beaver St., Waltham 54, Mass. eo anti akain A ay. eleeiale Bketan ke 
Havdon ¢ 4 WwW 24. N. Elm. Water Tipp ¢ ) Fe NOQR r 
hur Conn. (CXZ Sterling Electric Motors 5401 Tele 
: Haydon Mfg. Co., Inc., 2536 FI r raph R : es 22 Calif 
Circle 333 on page 17 . cane Cor BCX YZ —_— RNG. ‘s 
. i Heinze Electric Co., 685 Lawrence, Lowell. Ther Electric & Machine Works, 114 8 
fa RCDFZ leffer ( >» f I 
He Corp D f Beckman Instru Uv. S Electrical Motors, Ir Los Angele 
; Ir . P .O. Box 458, Newport 54, Calif. (FKNQY , 
teach, C Wagner Electric. Corp., 6454 Plymoutt 
H rer-C tM r Di National Pneu A e St. Louis 14, M PGKLNYZ 
mat Co Ir 5 Amory, Boston 19 We E tr Cor Gateway 
Mass ABCEFGHQUVYZ Center Bldg N 4 Liberty Ave 
Hlowar I I 17 State Pittsbur Pa (BCDEFGHIJKLY 
RK e W ABCDEFGHQRTI VYZ NOPQRSZA& 
a 
OSCILLOSCOPES (Cont Hollingsworth & Vose Co 
Ma 
RCA FE ron Tube Div Radio Corr West Vir Pulp and a 
f Amer Harrison, N. J Park Ave. New York 
Ss! n Electrie Co 5200 W. Kinzie 
( ago 644. Til 2 s ATING 
Weston Electrical Instrument Corp., A sut es = = - 7 well Ave New 
f Daystrom, Inc 614 Frelinghuysen 4 Hl Bion ey ( oie 
Ave Newark 5, N. J eeecats s]-Diamond Fibre. A Sut 
t N rk 1 De 
PACKAGING. See Bores and Crates: -,rht, Budd Co, Newark 18, Del. ise 
Containers, Packaging and Shipping om Rive ; ? 
) n™M a ng Co.. 300 Howar 
PACKINGS. See Gaskets Fr g 7 Ma 
Gener Klectr Cc Plastics Der 
PAINTS. See Lacquers, Enamels, Paints Deca I x s 
and Varnishes, Finishing H gswor & Vose Co., Bast Walpole 
Ma . 
= . fanufarturers Cerp 5A Ww 
PALLADIUM. See Platinum and Prat. Insulation Manutarturricago 6.1 
Products sen nee Di Minnesota Mining A 
Manufacturing Co 9 Argyle errace 
PANEL CONTROL UNITS Irvington 11, N. 3 E : 
Allen-Bradley Co., 1316 S. Second, M Johns aa e, Box 14, New York 16 
waukee 4, Wis N : 
Arrow-Hart & Hegeman Electric Co., 193 Mica Ir a F c A Sut 2 Minne m 
- . — co. # Hawt Hartford 6. Conn Mining & Manufacturing Co ener 
Zenith Automatic Transfer Switches assure full Clark Controller. Co., i146 BK. 152nd. _ tady ali i 
= oe A Cle ; Ohi National anized ibre ‘ ilming 
protection against any failure of regular voltage. Cutler-Hamuner ‘nc. 1904: Bt. Peal ave ton 99. D ; 
Tr: fe »me ail . . ; : : Milwaukee 1, Wis Natrar Corp 7 Randolph Ave., Wood 
ransier to emergency power in a fraction of a Eagle Signal Corp., 202 20th Moline 1 bridge, N. J I Tonawa 
a . . ry > . I Spa g Fibre Co Ine ‘onawanda 
second is automatic at 70% of line voltage. Resco Mt Delte-Star Electric ~ a 
a ~ ae H, ¥ -orter Co., Ir I West Virginia Pulp_and Paper 
Regular power is restored at 90% of line voltage. General Ele Co, Apparatus Sales Park Ave, New York 17, N. ¥ 


Co., 99 Plum, Tren- paper, PHOTOGRAPHIC 
4041 N. Richerés. REPRODUCTION 





pos Simple design . . . sturdy construction Heiner 
m———\ ... Switches lock mechanically through Square 








= : . ‘ waukee 12, Wis Ozalid. A Div. of General yy & 
: 24 trouble-free toggle action... no springs, Ward Leonard Electric Co., 34 Soutt Film ¢ yhnsen City, 
latches or delicate mechanisms. Westinghouse Electric Corp,, Gateway Cen- PAPER TRACING. See Tracing Cloth 
=a r, Bidg. No. 3 01 Liberty ve F and Paper 
: Available electrically il ee an Pittsburgh 22, Pa. , 
fu lectrically or mechanically Wheeleo Instruments Div... Barber-Colman parts FEEDERS, SELECTIVE 
held, 30 to 400 amps. : ot Seneton 1 490 Lexington Ave., Homer 
PANELS, DIAL. See Dials and Panels. City. Pa. (Vibrator 


Send for free catalog oncomplete Zenith line. 
PANELS, SHEET STEEL. See Sheet PERFORATED MATERIALS 
Metal Fabricators Harrington & King Perforating Co., In 
5657 Filmore, Chicago 44, Ill 














PAPER INDUSTRIAL 
152 WEST WALTON STREET . CHICAGO 10, ILLINOIS hk —— 


River, Mass estanent 


336 Circle 334 on page 17 ELECTRICAL MANUFACTURING 


FEBRUARY 19 335 


DUTCH BRAND 
FRICTION TAPE 






DUTCH BRAND 
VINYL COLOR TAPE 


Cor how the Big OWN in elactricol imaulation. 


MAKES ANY JOB EASIER, FASTER, BETTER i 


DUTCH BRAND 
RUBBER TAPE 





DUTCH BRAND 
PLASTIC TAPE 





SEND FOR THIS NEW FACT-PACKED 


Bin 
rs a UU 
rm ot + en 

ae The right tape is the best tape for the best job! So... you'll 
want to “‘tool up” with Dutch Brand’s “Big Four” — friction 
tape, vinyl color tape, plastic tape and rubber tape 
... to cut installation costs. 


OW BOOKLET NOW! 





Dutch Brand’s new “Big Four’ booklet describes these tapes 
thoroughly, tells you just what jobs tape will do, shows how 
“tooling up” with the proper tape can improve your electrical 
work . . . make jobs easier, faster and better. It’s a 

valuable booklet worth getting . . . write for it today! 

Dutch Brand Division, 7800 Woodlawn Avenue, Chicago 19, Illinois 


nNs-MANVILLE 
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SPECIFY 









ELECTRICAL 
INSULATING MATERIAL 














© Meets all Class B requirements 
® Dielectric strength — 600 volts per mil 
® Tensile strength — 25,000 Ibs./sq. in 
® Thicknesses from .010 to .02 
© An asbestos-glass laminate 
® No delamination or fraying 
® High impact strength ar tance 
© Will take ony electrical varnish 
REPRESENTATIVES 
Atlanta—Brownell Distributors, Ir Minneapolis—D. A. Schultz C 
Atlanto—Elect Insulat Supplie Mobile—R Flect To 
Boston Area—Brownell Distributor New York—Brownell Distributors, Inc 
Inc., Cambridge Nework—Elect Mot & Parts ( 
Boston Area—tr of Oklahoma City—Butts Elect 
New England, Inc., Watertown, Mass 5 
Chicago—Federal Insulation Co Oklahoma City—John H 
Philadelphia—Electrical Maintenance 


Cleveland—C. J. Voneman 
Supply Corp 
Dallas—Summers Electric Co 
Denver—Electric Motor Supply Co 
East Rutherford, N. J.—Insulating 
Fabricators, Inc 
Forth Worth—Electrical Supy 
Ontar 


Dallas—Electrical : 
Pittsburgh—Herbert J. Grahom 


Rochester—Ailied Elect 


Solt Lake City—J. R. Christer 


San Francisco—Tri-State 





ily Corp Seattle—Tri-State Supply Corp 

Gillies & St 
Co., Ltd 

Houston—Houston Industrial Supply Co 

Mo.—Ace Electric Co 

Los Angeles—Tri-State Supply Corp 


Hamilton, o—Buntin, 


Lovis—Dale J. Painter 
Stamford, Conn.—J. A. Jones 
Toronto—Electric Insulation & 

Fibre Co., Ltd 
Woodbridge, N. J.—Chalker Insulation Co 


Kansas City 







Write for literature and free sample 


N44 COMPANY, INC. 
88 Purchase St. * Fall River, Mass. 





338 Circle 336 on page 17 


PHOSPHOR BRONZE 
(Rod, Sheet, Tubing, 
American Brass Cx 
Chase Brass & Copper Co., Sub. of Ker 
necott Copper Corp., Waterbury 20, Conn 


ae & Co., Inc., P. R., Indianapoin 
6 i 


Wire) 
Waterbury 20. C« 








Miller Co Meriden, Conr 

Kevere Copper and Brass, Ine., 230 Park 
Ave., New York 17, N. ¥ 

Riverside-Alloy Metal Div., H. K. Porter 
Co In Riverside ae 

Seymour Manufact Co., Seymour 





Conn 


PHOTOELECTRIC CELLS and TUBES 
General Electr ( Apparatus 
Div Schenectady 5, N = 

electr Ce 
General Electric Co., Electron 
Div., Schenectady 5, N. Y 


Tubes 


Sales 
(Phow- 





* Component 
(Photoeleetric 


[International Rectifier Corp., 1521 E 
Grand Ave., El Segundo, Calif 

RCA Electron Tube Div Radio Corp 
f America. Harrisor N. J 

Vickers Electr Dis Vickers Inc., 1803 
Locust, St. Louis 3, Mo. 


PHOTOELECTRIC CONTROLS 


General Electric Co pparatus Sales Div., 
Schenectady 5, N. Y 








Merceid Corr 4201 Belmont Ave., Chicagc 
Dept. EM-12, 43 Vesey, 

Y 
i ec Corp.,Gateway Cen 
er I 401 Liberty Ave., 

Pit Pa 
W I rica Instrument Cort A 
fb ro I 614 Frelinghuy 

Ave Newark 5, N. J 


PILLOW BLOCKS. See Blocks, Pillow 


PINS, COTTER and LOCK. See Fasteners 


PLASTICS. COLD MOLDED and 
GANIC. See Ceramics 


INOR- 














PLASTICS MOLDERS EXTRUDERS 
and FABRICATORS 
( } 
4 r¢ New | € 
Ar In 6-36 36th 
6, N. ¥ 
Au ring Co. 306-1 Stack 
( I Det Ss a Barbara 
( ‘ 
Br & Co Willia Ww mantic 
‘ 
( P Diamor Fibre A Sub, of The 
I ( Newark D 
( I ‘ Ww 4 ( . 
oO 
( ( 6424 Oakton, Morto 
D sM g Co., Harry, 1428 N. Wells 
( I 
Dia ‘ ‘ 2 E. ¢ Dayton 2 
oO 
I ‘ s co. ( 
Ss G Ave., ( a 2 
oO 
( } ( Plas Det 
Repro r Cor 149 Beechwood 
\ I N Y 
I I M sota M ge & 
M ( Argyle Terr 
Pha 
W 
Rayhe 
R 
“y 
B 
Ta 
W ( Balt re 2, Md 
e Electr Corr G way Ce 
B N 401 Liberty Ave 
I 3 Pa 
PLASTICS—MOLDING LA thal 
CASTING and EXTRUSION 
COMPOUNDS 
Alkyd Molding Compound T) 
Cellulose Avetate (A) 
Cel Nitrate kK 
Dially Phthalate xX 
Epoxy Re § U) 
Ethy Cellulose 3) 
F) wart (P) 
Melamine Formaldehy (Cc 




















J ie 
Methyl Methacrylate D 
Phenolics Ur) 
; I 
Pla $. N yl a 
| é ene a 
I 
(J 
L) 
K 
(Vv 
ri Ww 
Acetate (M> 
ride N 
A ‘ ‘ I . 
R D D> Rock r | . 
York yy Y JQ 
Bak e Co, Div fl Cart ( 
I New York 17, N. ¥ 
PRIMI V ‘ 
Barrett LD Allied Cher 
Dye ¢ New Y 6 3.4 I 
Borden 4 Kn Dept Ss a Ba 
ara, Calif 2 ; 
‘ ‘ I ] b K 
4 U) 
Das Chet ( M M I 
Dow ¢ M M s 
P s & ¢ I E. I 
P r De 
W 8 Del ADG K L A i 
Dur Plastics Div Hooker 
‘ W kK R NS 
A N Y E Casting RK 
( r Electr ‘ Pla s Der 
D r. I 
G Cort 1323 Gle ge R Cle 
j Ohio Q 
Goodrich Chemical Co., B. F., De 
GD-¢ bu i Ave Cleve 
t NVW 
OP aporatories, Inc., Olean, N. 1 
Manufa Cort “ 
Va B Chicag I 
b ‘ ‘ I Che al Div k 
I I bure Pa FH 
Marbon ¢ D { Borg-Wa 
( I I : 
M iM g & Mf ( I r 
D I r s 
M 
0 A x FMC O cr als D 
I i M i y che al Cor 
E. 4 New Y 7 WN. Y cx 
} g ¢ 7 Geele A 
“ ‘ - ; ' 
ik i M Ave 
S i CEJ 
I 
~ ( Cor ‘ cal S D 
Ma Ave New York N 
S G ‘ Plas D 
I Gar k I g ¢ ca 
\ J (P 
ELAerics SHEETS, RODS and TUBES 
iP Ir ted. r al & Dielect s 
os I bethtown, Pa dD 
I r kt s eD Santa Barbara 
Cc f 
Cle ( er Co 6201 Barbertor 
A ( Ohio (Tube 
Continent D nd Fibre, A Sub. of T 
B 1 ¢ Newark Del 
Forr ( A Sub. of Amer 
( 7 Spring Grove A 
( inna Oni 
General Electr Co., Laminated Products 
D ‘ t Ohio. 
Ge Ele Co Plastics Dept 
( “s C ; G idge, Clevela 
Houghton Laborat N.Y 
I Manufactur 65 W 
Voch . B ( il 
MI I r Ss is. 2 
: V it Wilming 
> 
. a ae 
tofle ( Ros he 
: rsor & S I Joseph T., Chicag 
Ss - i Fibre ¢ Ir Tonawanda 
Tay . re C Norristown, Pa 
Westing » E Corp Gateway 
Center Bidg. N 401 Liberty Ave 
Pittsburgh Pa 
PLATINUM and PLATINUM PROD 
UCTS. %« a tacts 
} r Ind I Amer 
I ' & S rp N. J. 2 
4 ‘ oh \ 
a | ( 
' Astor, N ‘. J 
I I I 2, 
ID U.S. Ree T n, N 
Brair n Ce a 18 Washington, Mt 
Vernor N ce : 
Genera r viv Metals and Control's 
Cor , rest Attlebor \ 
Handy & Harm 82 Fulton, New York 
;. us : 
Ney Co.. J. M., P.O. Box 990, Hartfor 
1, Conn 


PLIERS and CUTTERS, WIRE 
Klein & Sons, Mathias, 7200 McCormick 
Rd. Chicago 45, Il 


PLUGS and JACKS, COMMUNICATION 


Audio Development Co., 2836 13th Ave 
South Minneapolis 7, Minn oo : 

Richards Electrocraft anes — N 
Kedzie Ave., Chicago 20, Ii. 

Switchcraft, Inc., 1328 WN Halsted 
Chicago 22, Tl 

PLUGS and RECEPTACLES 

Alcor Manufacturing Co., 4444 W. Roose- 
velt Rd., Chicago 24, Ill 
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Typical Examples of 
How Mallory Contact 
Assembly Cuts Costs 


In designing this heavy-duty con- 
tact assembly, Mallory cut costs 





50°; for the manufacturer. Recom- 
mended design, produced by 
Mallory, requires smaller size 
copper stock and less machining 
than the manufacturer’s original 


specs ¢ alled for. 


Original design of this assembly 
upper) ran high in rejects, slow in 
delivery. Redesigned and assembled 


by Mallory lower t no longer 
needs hardening and drilling opera 
tions performs better, costs less 


and gets delivered pror 





* 
Save costs, handling, scheduling 
...let Mallory design and assemble your contacts 


Many major electrical equipment manufacturers gain savings while 
improving their products through Mallory’s complete contact 
assembly facilities. You can, too. Let Mallory do the whole job- 
from design and material selection, to fabrication and finishing of 
parts, to final assembly. It’s the logical way to break production 
and delivery bottlenecks, and cut contact costs right down the line. 
A Mallory engineer will be glad to discuss your particular problem. 
Write or call today ...and send for your copy of the new Mallory 
booklet on contact cost-cutting ideas. 


Expect more...get more from 








P.R. MALLORY & CO. inc. 


ALLOR 


P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 


eed 


For information on titanium developments, contact 
Mallory-Sharon Metals Corporation, Niles, Ohio. 
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3>,000,000 


POWER 
RELAYS 


FEATURES: 


AC or DC operation 


Special 
peration 
Screw terminals available 


construction offers 


mercial or 
other leading mokes. 


ie 


Dept. EM 191 
EV 3-8000 


Newel St. 





4 €0One of many 


operations at 10 amps! 


KURMAN 4 


Up to SPDT—25 amp 110 V AC or 28 V DC 
As low as 500 milliwatt sensitivity 


Fast acting—5 milliseconds at 3 watts 
125° C and/or 


Standard or special mounting bases available 
Open, dust covered or hermetically sealed 


IMMEDIATE DELIVERY FROM STOCK! 


The complete line of Kurman Relays, 
military specifications, 


Hermetically Sealed types 


§ SEND FOR COMPLETE CATALOG 


KURMAN ELECTRIC CO. 


Division of Norbute Corporation 
Brooklyn 22, New York 
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400 cycle op- 


monufactured to com- 


Gre interchangeable with 





KURMAN 


ipeetieneneesseaenenmmmnen 
Circle 338 on page 17 


none eneS 


at 


fractional horsepower 


at its 
finest! 


choice of leading manufacturers 


Don’t gamble with the success 
of your product! By careful 
analysis and testing together 
with RAE engineers you can 


assure the right motor for 
your needs 
RAE offers outstanding serv- 


ice and quality in a large 
variety of motors in voltages 
up to 250, and up to % H.P 
(higher for intermittent duty) 
with many gearhead motor 
combinations. Let us show 
you how these advanced mo- 
tors, now in such big demand, 
can improve your product 
and reduce your costs 


Send for the *‘RAE"’ service sheet. It 
will help you supply the data neces- 


sary for recommendations and prices. 


340 
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AC/DC Universal 

DC Shunt Wound 

DC Series Wound 

DC Compound Wound 
Gear Reduction Motors 
Governor Controlled Motors 
Motors for Rheostat Control 
Motors for Electronic Control 


Permanent Magnet Motors and 
Geoarmotors 


G@@ motor core. 


2009 Kewaunee Street 
Ua Atte arti) 
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4 r Electronics Cory 
Ave., Chicago 50, Ill 


1830 S 4t 


Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Automat Electric Sales Corp., North 
lake il 

Belden Mfg. Ce 4633 W. Van Buren, 
Chicago 44, Il 

Cannor Electri Ce Dept. 500 3209 
Humboldt, Los Angeles 31, Calif 

Circle F Mfg. Co., Trenton 4, N. J 

Constantin & Co., L. L., Koute 46, Lodi 
N. J 

Cornish Wire Co., Inc., 50 Church, New 
rox 7. wo 

Cr e- Hinds Co., Syracuse 1, N. Y¥ 

Genera ; Construction Mate- 





ia ort 2, Conn 

Hart ».. 211 Bartholomew 
Ave 1 

Hubbe I Harvey Br idgeport 2, Conr 

Johnson Co E. F., 2331 Second Ave., 
S. W., Waseca Minn 

Jones Div., Howard B., Cinch Mfg. Corp 
Chicago 24, I 

Methode Mfg. Co., 7447 W. Wilson Ave 
Chicag a, 2 

Molex Products Co., Brookfield, Il 

Pass & Seymour Inc., Solvay Station 
Syracuse 9% N Y 

Pyle-National Co., 1388 N. Kostner Ave 
Chicago 51, I 

Royal Electr Cort Pawtucket, R. I 

Stromberg -Carlsor A Div of General 
Dyna s Cort 7 Carlson Bd... 


Rochester 3. N. ¥ 


PNEUMATIC TOOLS 


Gardner-Denver Co., 


and EQUIPMENT 
Quiney, Il 


PORCELAIN, See 


Ceramics 


POTENTIOMETERS. See also Rheostats 

Ace Electronics Associates, Dept. EM, 101 
Dove Somerville 44. Mass 

Allen-Bradley Co., 1316 S. Second, Mi 
waukee 4 Wis 

Bourns Laboratories, P. O. Bor 2112 


Riverside Calif 
Clarostat Mfg Co., I . Dover, N. H 
Co., 536 W. Mt. Pleasant Ave 
l Livingstor N. J 
n Transi Corp., 
Montgomery Cour 
Gamewell ¢ Newton Upper Falls 64 
Mass 








Worcester 





He Corp., Div. of Beckman Instru 


ments, I Pr. O. Box 458, Newport 
Re tance C 401 N. Broad 


Howard 





ge f Harwick 

e. Ir 18-08 Myrtle Ave., R 

H 8. N 
Stackpole Ca Marys, Pa 

ers Manufacturing I Wayland, Mass 

tor } ’ Corr a 


Freling 





of Daystrom, Inc., 614 


Ave., Newark 5, N. J 





LADLES. MELTING 


it) s € 5 N. Y 
\ 1 I ‘ Danvers 2 Mass 


METAL PRODUCTS. & 


Dus gs; Conta 


POWDERED 
a B 


Ar € I> ‘ r Co De 
M 
G } ‘ oO W I 


Oak 


Saginaw 8, M 


POWDERS, METAL 

Engelhard Industries I Amer 
Platinum & Silver D N. J. Re 
road Ave., Newark 5, N 

r & Harr 82 Fult New York 


American 1 . & Radio C St 








PUSH BUTTON 


STATIONS 








a I trical C Apparatus Sales 
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Se eneenae a 
Automatic Electr Sales Corp., Norty 


lake, Ill 
Clark Controller Co., 
Cleveland 10, Ohi 
Crouse- Hinds Ce... 


1146 E. 152nd 


Syrac use 1, N. Y 


Cutler-Hammer Ir 1264 St. Paul Ave 
Milwaukee 1, Wis : 
Furnas Electric Go., 1024 McKee, Batavia 


I 
General Electric Co., Apparatus Sales Dis 
Schenectady 5, N. ¥ 
Micro Switch, A Dir. of Minneapolis 
Honeywell Regulator Co Free I 
Nationa Acme Coe. 176 E 13ist, Cleve 
in 
Pyle- National .. 
Chicago 51, Il 





1388 N. Kostner Ave 


Square D Co., 4041 N tichards, Milwau 
kee 12, Wis 

Stromberg-Carlson A Div of Ceneral 
Dynamics Corp 117 Carisor Rd 
Rochester 3, N. Y 

Ward Leonard Electric Co 34 South 
Mount Vernon, N. Y 


Westinghouse Electric Corp., 








ter Bldg. No : 4 Ave 
Pittsburgh 30, Pa 

PYROMETERS 

Assembly Products, I 75 Wilson Mills 
Rd., Chesterland 14, Ohio x 

Weston Electrica Instrument Corp A 
Sut of Daystron Ir 614 Freling 
huysen Ave Newark 5, N. J De 

Wheelco Instrument Div. Barber-Celmar 
Co., 1403 Rock, Rockford, Ill 

QUARTZ, FUSED 

Bngelhar I istries I Ame Quartz 
LD 685 Ramsey Ave... H ' N. J 

REACTORS. See Transformers 

RECORDER COMPONENTS, MAGNET 


IC. See Instrumetr 


See Instru 


RECORDERS, COMPUTER 


ments Electroni 





RECORDERS, GRAPHIC 
See Instruments 

RECORDERS, OSCILLOGRAPHIC 

Midwester Instrum 4ist and Sheri 
jan R Tulsa, Okla 

Sanborn Co., I strial Div., 175 Wyman 
Waltham 54, Mass 

RECTIFIERS, SEMICONDUCTOR 

Fanstee Metallurgical Corp Rectifier 
Div North Chicago, 

Federal Telephor nd 
Inte 








N. J - 
Genera! Eleetric Co., Apparatus Sales Dir 
Schenectady 5, N. Y. (Selenium, Copper 
Industria nium) 
Electr Co Semiconductor 

















Electronics Park, Syracuse 1 
Diodes, Germanium 
Div. of Hoffmar 
930 Pitner Are 
Rectifier Corr 1521 £E 
El Segundo, Calif. (Selen 
icon ; 
at Resistance Ce, 401 N 
Broad iladeliphia &. Pa 
Malior ‘ 1 P. KR. Indianapolis 
‘ Magne Copper & ve 
Ra } r Ce I Semiconducto 
D Vythe Ave., Brook! 11, N.Y 
Sarees I R er Div., Deg 
M 4 ( eg A Bloom 
m, 1 
Ss r Ce Homer ( a 
Ther & Ma Vorks AS 
Jeff ct I eleniut 
Tra t r Cort Wakefield 
I a2 s ns ak Signal Div. Westing 
r « A Brake (¢ Pittsburg! 18 
I ~ 
V ers r Dir Vickers Ine 
g Lax St. Louls 3, Mo 
West Electr ‘ Gateway Cor 
ter Bldg N 4 Liberty Ave 
I gh Pa 
RECTIFIERS, TUBE TYPE 
A Cha rs Milwaukee 1 Wis 
Amper ; ( I Broadway New 
ork N. ¥ 
tel oug San Bruno, Calif 
Sussex Ave., Newark 
‘o Apparatus Sales 
. oN. OY 
D Radio Corp. of 
N. J 
est orp., Gateway Cen 
te 401 LdAberty Are 
Pittsburgh 
REGULATORS MOTOR SPEED See 


Controllers, M« 


REGULATORS TEMPERATURE See 


Thermostats 


REGULATORS VOLTAGE Ree also 
Transformer Variat Voltage 

A e | ir (or Water ( a 
aR 

Allis-Chalmers Milwaukee 1 Wis 

Amperite ¢ I é Broadway, New 
Zoek 23. N.Y 

Cur Wright Corp Caristadt, N. J 
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It's a fastener...It’s a friction-lock... 


Its a Tinnerman SPEED NUT doing double-duty 


Turn this Westinghouse Mobilaire® Fan to any Call your local SPEED Nut representative now 
angle and it stays angled. The Tinnerman if he’s not in your Yellow 
Sreeep Nut Brand Fastener that holds the fan under “Fasteners”, write to: 
trunnions tight to the housing also supplies live 


Pages Dire« tory 


TINNERM™MAN PRODUCTS, INC. 


spring-tensi e > fi 0s iti at any 
pring-tension to keep the fan positioned at any Dept.12 » P.O. Box 6688 + Cleveland 1, Ohio 


angle you choose 


These SpeED Nut fasteners, developed by joint 


efforts of Tinnerman and Westinghouse designers, Ti N N Ee rR Vi A N 


eliminate special adjusting thumb-screws. Only 2 
SprEED Nut parts serve the purpose of several 
stampings and ordinary fasteners. Material and 
assembly costs are lower than with ordinary fasten 
ing methods. And the consumer gets a better fan 
that’s easier to adjust. 


Chances are that Tinnerman designers can 
develop SPEED Nut parts for your product to cut 
costs, speed production, improve that product 


CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Ltd. Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecane-Bundy GmbH, Heidelberg, 


Circle 340 on page 17 341 











FERNETIC CO-NETIC 
MAGNETIC SHIELDING 


Non-Shock Sensitive, Non-Retentive, No Pe- 
riodic Annealing, Shaped to Your Application 


Permanently unaf- 
fected by shock or vi- 
bration from usage, 
drilling, cutting, 
punching, bending, 
etc. For maximum ef- 
fectiveness, all pos- 
sible joints are heli- 
arc welded. Sheds 
magnetic forces like a 
duck’s back sheds 
water. Will not be- 
come magnetized. 
Permanently non-retentive — negligible residual magnetism. 
No periodic annealing required. 

Provides simultaneous high and low intensity shielding as 
well as high and low frequency shielding or any one of them. 
Aids miniaturization by making possible placing components 
close together, even mounted on the shield itself, Can be 
furnished tinned, ready for soldering—without affecting shield- 
ing qualities. Available as raw material if desired for fabri- 
cating parts in your own plant. 

Typical applications include tape container shields to pro- 
tect broadcasting, military and automation tapes, cathode ray 
tube shields, photomultiplier tube shields, transformer shields, 
magnetron shielding, 7 & 9 pin tube shields, portable measuring 
chambers for simulated pressure, vacuum, altitude and non- 
pressurized testing of delicate instruments in laboratory or 
field, etc. 


MAGNETIC SHIELD DIVISION PERFECTION MICA COMPANY 


1322 No. Elston Avenue, Chicago 22, Illinois 


Originators of Permanently Effective Fernetic Co-Netic Magnetic Shic 
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BLUE M 


Fee 


MECHANICAL RECIRCULATING 
VERTICAL AIR FLOW 


Better Results for Less Money 


Why? New directed vertical 
air flow; turbo blower—pow 
erful motor produces stable 


uniform temperatures equal to 


conventional ovens costing 













3°F. UNIFORMITY 


many times more. 


QUALITY CONSTRUCTION— OUTSTANDING PERFORMANCE 


Re mmended for f 4 tion f electro component 

onalytica aboratory ond genera herr esse 

@ Automatic Triager Control e Wattage Selection 
UL. Approved °C @ 100° to 500° F. Ra 

© 19° W.x 18° Dx 18° HID © Double Wall Design 

©® Complete—Meets N.E. Code e Stainless Inte 


Model OV-490, Enameled Exterior, 
1.6 K.W., 115V. or 230V 1 ph. 


$325.00 
Model OV-510, All Stainless, 


1.6 K.W., 115¥V. or 230V_ 1 ph... $420.00 


Guaranteed 1 Year 


BLUE on ELECTRIC co. BLUE ISLAND, ILL. 


MANUFACTURERS AND DESIGNERS OF COMPLETE 
TEMPERATURE CONTROLLED EQUIPMENT 


Circle 342 on page 17 


Eseco Works, Delta-Star 
H. K. Porter Co., Ine., 

Fidelity Instrument Corp 
ary Ave., York, Pa 

General Eleetric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Hoffman Semiconductor Div. ef Hoffman 
Electronics Corp., 930 Pitner Ave., 
Evanston, Ill. 

R-B-M “Control” Div., Essex Wire Corp 
Logansport, Ind. 

Sola Electric Co., 4633 W. 16th, Chicago 
50, Ill. 

.. 2240 E 
1803 


Electrie Div., 
Lockport, Ill 
1000 E, Bound 


Standard Electrical Products C 
Third, Dayton 3, Ohio. 

Vickers Electric Div., Vickers Ine., 
Locust, St. Louis 3, Mo 

Victoreen Instrument ¢ 5806 Hough Ave 
Cleveland 13, Ohio 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No, 3, 401 Liberty Ave 
Pittsburgh 30, Pa. 


RELAYS and CONTACTORS 

AEMCO, Inc., 50 State, Mankato, Minn 

A’G’A Div. of Elastic Stop Nut Corp 
of — 1027 Newark Ave., Elizabeth 


tlake Co., 1168 N. Michigan, 





(Mercury) 
A Dept. of Elgin N 
cC Eigin, I 
Allen-Bradley Co., 1316 8. Second, Mil 


waukee 4, Wis. 
Allied Control Co., 
New York 21, N 
Allis-Chalmers, Milwaukee 1, Wis 
Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y. (Delay Thermostatic 
Metal lb Type) 
Anderson Controls, Inc., 2777 Mannheim 
Rd., Des Plaines, Ill 
Arrow-Hart & Hegeman Electric Co., 103 


he 2 East End Ave., 





Hawthorne, Hartford 6, Conn 
Automati Electri Sales Corp., North 
lake, Ill 
Automatic Switch Co., 50-M Hanover Rd 
Florham Park. N. J 


Barber-Colman (¢ 
Rockford, Il 
Bristol Motor Div., 
America, Inc 108 


Dept, B, 18 K 


Vocaline Co. of 
Coulter, Old Say 


brook, Conn. (Time Delay) 

Clare & Co., C. P., 3101 Pratt Bivd., 
Chicago 45, Il. 

Comar Electric Co., 3349 Addison 


Chicago 18, Ill 
Cramer Controls Corp., 
Conn. 
Curtiss-Wright 
(Time Delay) 
Cutler-Hammer Inc., 
Milwaukee 1, Wis 
Durakool, Inc., Elkhart, Ind 
E-T-A Products Co. of America, 
Elston Ave., Chicago 50, Ill 
Ebert Electronics Corp., 212-05 Jamaica 
Ave., Queens Village 28, N. Y 
Edison Industries, Thomas A., Instrument 
Div., MceGraw-Edison Co., West Orange 


Box 8, Centerbrook 


Corp., Carlstadt, N. J 


1264 Bt. Paul Ave... 
(Mercury 
5085 N 


Corp., South Hackensack, N. J 

Federal Telephone and Radio Co., Div. of 
Internationa! Telephone and Telegrapt 
Corp., 100 Kingsland Rd., Clifton, N J 

Filtors ne., 30 Sagamore Hill Dr., Port 

uington, L. L, N. ¥ 

Controls Inc., 








"$ Hollywood Plaza 





t Or J 
ral Co Sales 
) S« y 5 
Chicago 12, I 
Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford Conr 


Haydon Co., A. W., 234 N. Elm 
Co 


Water 


Haydon Mfg 





Inc., 2536 Elm, Tor 


Electric Co., 99 Plum, Trentor 


(Time delay) 





I wood ¢ Cor 264 E. Pr e 
‘ tal La I 
i I r { S Sixt ‘ wark 
N 
McQuay-Norris M facturing ( 2322 
M St. L 0, M 
Ma aft F Ce 2 W. Grand 
\ ( ag I 
3 ( 4 ‘ 
I ‘ S ‘ 
o 
0 { g Co Howa 
S I 
I Ce yl > W. Washingt 
I & | \ ( I s 
Ar a M & | 4 
Pri I 
I e Electric Ce ( Fr 
k, Md 
R-B-M *‘¢ r ) Essex Wire Cor 
I a I 
RCA |} I D Ra ( f 
A H a 
I S B W 
‘ I 
Ss I Pea s 








, Electroswitch Div 





m Switch & Signal Div., 


Westinghouse 


Z 
Air Brake Co., Pittsburgh 18, Pa 








Ward Leonard Electric Co., 34 South 
Mount Vernon, N. Y¥ 
Westinghouse Electric Corp., Gateway 


Center, Bldg. No. 3, 
Pittsburgh 30, Pa 
Weston Electrica! Instrument Corp., A’ sub 
of Daystrom, Inc., 614 Frelinghuysen 


401 Liberty Ave., 


Ave., Newark 5, N. J 
Wheelock Signals, Inc 273 Branchport 
Ave., Long Branch, N. J 


Wiegand Co., Edwin 7530 Thomas 
Bivd., Pittsburgh 8 
Zenith Electric Co., 152 


cago 10, Il. 





W. Walton, Chi- 


REMOTE CONTROLS 


See Push I 





Stations; Relays and Contactors 
es Controls, Pressure and 
ture, 
RESINS, INSULATING. See Varnishes 
Compounds and Resins, Insulating 


RESISTANCE ALLOYS 








Driver Co., Wilbur B., 1875 McCarter 
Highway, Newark 4, N. J 
Driver-Harris ¢ Harr » N. J 
Kanthal Cort $3 Ameli Stamford 
Conn. 

RESISTANCE HEATING UNITS. See 
Heating Elements and Units 


RESISTANCE LINE CORDS 


General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn 
RESISTANCE WIRE. See Wire, Resist- 


ance 


RESISTORS, INSTRUMENT and RADIO 


Aerovox Corp., New Bedford, Mass 


Allen-Bradley Co., 1316 8. Second, Mil- 

: aukee 4, Wis 

pumnerine Co., Inc 561 Broadway, New 
York 12, N. Y. (Bulb Type 

Centralab Dir of Globe-Union Ine., 
914 EB. Keefe Ave., Milwaukee 1, Wis 


“larostat Mfg. Co., Inc., Dover, N. H 

Gorning Glass Works, Techni al Products 
Div., Corning, N. 

Cutler-Hammer Inc., 
Milwaukee 1, Wis. 


1264 St. Paul Are 


Pleasant Ave 

















Daven Co., 536 W. Mt. 
Route 10, Livingston, N. J : . 
Erie Resistor Corp., Electronics Div., Erie 
Pa 7 
Hardwick, Hindle, Inc., 40 Hermon, New 
ark 5, N. J : 

International Resistance Co., 401 N. Broad 
Philadelphia 8. Pa 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind 

Ohmite Manufacturing Co., 3613 Howard 
Skokle 

RCA Elect , Radio Corp., of 
America, J ; 

Res stance », 914 8. 13th 

° Ele trie C 307 Marshall, North 


is, Milwau 


Marys, Pa 
rate 6000 















Ave D xa 
4 ‘ 0 
War Ele Co 34 South 
M 
Wes il I xs 
f Ir 4 Fr g 
Ave k 5 
RESISTORS, POWER CIRCUIT 
Allen-Bradley Co., 1316 S, Second, Mi 
waukee Wis 
Cutler-Hammer Inc.. 1264 St. Paul Are 
Milwaukee 1, Wis 
Daven Co 536 W. Mt. Pleasant Ave 
Rout 0. Livingston. N J : 
Erie Resistor Corp., Electronics Div., Erie, 
G ne 4 ' ‘ 4 ar = 
Scher N 
Hardw I I cy 
ark 5, N. J 5 
International R e Co., 401 N 
Philadely a 8, Pa 
Mallery & ¢ I P. R., Indiana 5 
6, Ind 
Ohmite Mfg Cc Howard Sk 
Il se 
Sprague f r ( 7 Marsha North 
Ada Mass 
Ward Le rd Electr ( 1 8S 
Mou Vernon, N. ¥ 
RESOLVERS. & Servor ar 
RHEOSTATS, INSTRUMENT and RADIO 
Allen-Bradley Co., 1316 S. Second, Mil 
waukee 4 Ww 
Amperite Co., I , 561 Broadway, New 


York 12, N. ¥ Bulb T 

Clarostat Mf r 

Cutler-Hamr 
Milwaukee is 

Hardwick, Hindle, Ine., 4 
ark 5, N. J. 

& Co., Inc., P. R., Indianapolis 


’ i er, N. H 
Ir 264 St. Paul Ave 








Hermon, New 


Mallory 
6, Ind 
Ohmite Mfg. Co, 3613 Howard, Skokie 
nl. : 
Rex Rheostat Co.. Baldwin, L. I., N. ¥ 
Ward Leonard Electric Co., 34 South. 


Mount Vernon, N. Y 
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soca FULLY AUTOMATIC FORT WAYNE 
TOR WINDER 


@ Winds Up To 150 Stators Per Hour 
@ Winds 2, 4, 6 and 8-Pole Stators 






@ Stack Heights to 3° max.—Diameters to 6" O.D. 


Two types of machines available:—Simultaneous type—capable 
of winding up to 8 poles at one time. Tap pullers can be added 
for two and three-speed windings. Indexing type—capable of 
winding series-wound stators or stators for split-phase motors 
The single-winding needle setup eliminates all interpole connec- 
tions. The multi-needle setup decreases the number of interpole 
connections. 

Standard models wind wire from 19-gauge to 36-gauge at speeds 
ranging from 300 to 600 turns per minute. Heavy-duty models 
wind wire from 14-gauge to 18-gauge at speeds ranging from 
150 to 350 turns per minute. 


Automatic le 


o 


d cut-off serves as lead anchor in starting next 
stator. One operator can handle multiple machines. Cycle is 
automatically repetitive 


Write for complete data or, if convenient, arrange to call at 


our plant where a machine is always available for demonstration. 





FORT WAYNE TOOL, DIE & ENGINEERING CO. 


1029 GOSHEN ROAD, FORT WAYNE .INDIANA, U.S.A. 
Circle 343 on page 17 


ree Ed re 2 


ade CaS 


— LISTED BY UNDERWRITERS LABS IN 


STILL-MAN 


ELECTRIC TUBULAR 
HEATING ELEMENTS 






IMMEDIATE 
DELIVERY! 


INDUSTRY DEPENDS 
ON THE 
MULTI-UNION LINE 
FOR HIGH STANDARD 
OF QUALITY. 


*& TOP PERFORMERS 
* TOP QUALITY 
* TOP WORKMANSHIP 


at LOW COST TO YOU! 








INDUSTRY DEPENDS 
ON MULTI FOR “ON- 
TIME” DELIVERIES. 





QUALITY — 


Built for application wherever space limitations, * WHITE GLAZED PORCELAIN 


long life, fast heat and high efficiency are factors 


° ° * SLATE 

eee ee COMPOSITION 
Millions are now in use as standard equipment in 

America's leading nationally advertised electrical tl 
appliances. See ee ee 
Available in copper, cold rolled steel and acid replat en apeaendges: 
resisting steel alloy in standard sheath diameters tor th tata litt 
casting-in or immersion use. When writing, specify A Mild Baths 


use, wattage and maximum temperature require- dla 
ments. An inquiry, NOW, will prove profitable to 


retain d yz 
you! GIVES COMPLETE DATA 


STILL-MAN MANUFACTURING CORP. 


431 EAST 164 ST., NEW YORK 56, N.Y. 





ELECTRIC MFG. INC. 
4219 W. LAKE ST. CHICAGO 


Circle 344 on page 17 343 





FEBRUARY 1958 Circle 383 on page 17 








342 


This new 28-page catalog | 


Circle 342 on page 17 





saves time in selecting the right switch 


GIVES 
COMPLETE 
ENGINEERING 
DATA 


a Photo of each 
switch type 


8 Detail drawing 
of each switch 


8 Operating 
characteristics 
of each switch 


& Electrical 
ratings 


é Base and 
terminal data 


Switch term 
definitions 


Complete engineering data 
on UNIMAX miniature and 
sub-miniature snap-acting 
switches enables the user to 
choose the right switch for the 
application. 

Switches included in the 
catalog are: miniature general- 
purpose, high-sensitivity, low- 
cost, reset-type, open-type, 
metal-cased, immersion-proof, 
AN/JAN switches, subminia- 
ture snap-acting, panel-mount- 
ing toggle and pushbutton 
type, “feather-touch” pushbut- 
ton, environment-free, and 
special actuator-type switches. 

Write today for your copy 
of this new 28-page Unimax 
catalog of precision snap-act- 
ing miniature and sub-minia- 
ture switches. 


UY wae Ae 


Pee Le ae 


MEO EN TALL 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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RHEOSTATS, POWER CIRCUIT 


Allen-Bradley Co., 1316 8. Second, Mi 
waukee 4. Wis 

Clarostat Mfg. Co., Inc., Dever, N. A 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Miwaukee 1, Wis. 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y 

Hardwick, Hindle, Inc., 40 
Newark 5. N. J 

National Electri Controller Co., 7070 
Glenwood Ave., Chicago 26, Ill 

Obmite Mfg. Co., 3613 Heward, Skokie, 
Il 


Rex Rheostat Co., Baldwin, L. 1, N. ¥ 


Hermon, 


Ward Leonard Electric Co, 34 South 
Mount Vernon, N. Y. 
Westinghouse Electric Corp Gateway 


Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


RINGS, COLLECTOR 





ky tries, Inc., Che i 
l Newark N J 

Eng ard Industries, Inc H. A. Wilsor 
Db 655 U.S, Rte. 22, Union, N. J 


Electro Tee Corp., South Hackensack, N J 
General Plate Div Metals & Cont 
)2 Forest, Attlebor Mas 
Midwest Molding & Mfg. Co 
nL 
Ney Co 
Conn 
Nippert Electric Products Co 
Mound, Columbus 23, Ohio 
Toledo Commutator Co., South Chestnut 
Owosso, Mich 


Gurnee 96 
. J. M., P.O. Box 990, Hartford 1 


1759 W 


RINGS, RETAINER and SNAP 


Garrett ¢ Ir George K Torre 
Ave. at Tolbut, Philadelphia 36. Pa 
Industrial Retaining Ring Co., Dept. EM 
7 Cordier, Irvington 1 N. J 


National Lock Washer Co., 40 Hern 
Newark 5, N. J 


Radio Freque Laboratoric I I 
ton, N. J 

United States Gasket ¢ Pla D < 
The Garlock Packing Ca 
N. J. 

“ s K I A I 


Long Island City, N. Y 
RIVETS. See Fasteners 


RIVET SETTING MACHINES 


‘ ako Rivet & Machine ¢ W 
Jackson Bivd., Bellwood, I\l 
Milford Rivet & Machine ¢ Miifor 


Mf ‘ 


‘“ Judson L Le ie 
Waltham 54, Mass 


ROLLER BEARINGS. See Bearing Ka 


and Roller 


RUBBER and RUBBER PRODUCTS 





Acadia Synthet Products, Di Wester 
I tw ty) 4139 W. Ogden Ave 
Chicago 2 lll 

Auburn Manufacturing Co 6-1 Stack 
Middletown, Conn 

ago Rawhide Manufacturing ¢ 
Elston Ave., Chicago 22, IIL, 
t ticut Hard Rubber Co The Ne 
Haven 9%, Conn. 

Dow Corning Corp., Midland, Mich 

Enjay Co I West 5lst, New Y 
i9, N. ¥ 

General Electrie Co., Plastics Dept 


Decatur, Ii! 
Goshen Rubber Co., Inc., P. O. Box 517 
when, Ind 
Johns-Manville, Dutch Brand Products 

7800 Woodlawn Ave., Chicago 19, I 
Phoenix Manufacturing Co., Rubber Pr 

“ts Div., Joliet, Il 
Raybestos Manhattan, Inc., 

ucts Div., Manheim, Pa. 
Koth Rubber Co., 1860 8. 54th Ave 

Chicago 50, Ill 
Stalwart Rubber Co., 160 Northfield Kd, 

Bedford, Ohio 
Williams-Bowman 

Sith Ave., 








"lastic Prod 


Rubber Co., 1953 8 
Cicero 50, Tk 


SAWS, COMMUTATOR. See Commutator 
Saws .nd Slotters 


SCRAPEK RINGS. See Rings Retainer 
Snap 
SCREW DRIVERS, PORTABLE See 
Tools, Portable 


SCREW MACHINE PRODUCTS. See als 
Fibre Plastics 

4 i Co « America BA 
oa Bldg Pittsburgh 19, Pa 

Chase Brass & Copper Co., Sub of Ker 
necott Copper Corp., Waterbury 20 





Cor 

Merkie-Korff Gear Co., 211 N. Morga 
Chicago 7, Il 

Milford Rivet & Machine Co., Milford 
to 

SCREWS. See Fasteners 

SEALING COMPOUNDS. See Cement 
Insulating and Sealing; Waxes and Com 


unds 


SEALS and TERMINALS, HERMETIC 
Advanced Vacuum Products, Inc Divs. of 
Ceramics Corp 118 Liberty 
Stamford, Conr 

ican Lava Corp., Chattaneoga 5, Tenr 
phenol Electronics Corp., 1830 8. 54th 
\ ‘ 50, TD 


General 
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Constantin & ¢ L. L.. Route 44, Lodi 
N. J. 

Electrical Industries Div. of Philips 
Klectror ne 6 Central Ave 
Murray 

Fusite Corp 6000 Fernview 
Ave ‘ inna Ohio 


General Ceramics Corp., Dept. ME, Keas 
bey, N. J 


General Electric Co., Apparatus Sales Div 


Schenectady 5, N. Y¥ Glass Bushings 
Hermasea! Co., Ine., 1010 Main, Elkhart 
Ind, 
Internati 1 Resistance Co., 401 N. Broad 





Philadelphia 8, Pa 

Kearfott Co I 1378 Main Are 
Clifton, N. J 

Phillips Control Corp., 59 W. Washingtor 


Joliet, Il 


SEALS. MECHANICAL 
crane Pack 
Grove, Ill 


(Rotary Shaft 
ng Co., 6424 Oakton, Morton 


SEALS, OIL and GREASE 


Chicago Rawhide Manufacturing 12 
Eiston Ave.. Chicago 22, Ill 

Gits Bros Mfg. ¢ 1840 S. Kilbour 
Ave., Chicago 23, Ill 

Syntr Co., Homer City, Pa 

United States Gasket ( Plastics D 
of The Garlock Packing Co., Camder 
LN. J 


SELENIUM RECTIFIER 


Semiconductor 


See Rectifiers 


SEMICONDUCTOR PRODUCTS. See Ree 
tifiers, Semiconductor; Transisters and 
Crystal Diodes 












SERVOMECHANISMS (Contrels, Syo 
chros, ete.) Also see Motors. 
Daystrom Transicoi!l Corp Worcester 
Mont go County, Pa 
Diehl Ma turing Co, Electrical Div. of 
The Singer Manufacturing Co Somer 
ville, N. J 
Eclipse-Pioneer Div Bendix Ariatior 
Corp.. Teterboro, N. J 
;-M Labhorator 1 & N. Knox Ave 
Chicago 41, I 
Corp., Div ~ Beckman Instru 
nts Inc.. P. O. Box 458, Newport 
Beach, Calif 
ut Co, I 1378 Main Ave., Clif 
N. J 
Oster Manufa ring Co John, Arion) 
Div., Ra e, Wis 
Servomechanisms Ine Mechatrel Dir 
17 Brooklyn Ave Westbury, L. ! 
N. ¥ 
Servospeed Co.. Div f Blertre- Devices 
I 4 Godwin Are., Paterson 1, N. J 


SHAFTS, FLEXIBLE 


United States Gasket Ce., 


Plastica Dis 


of The Garlock Packing Ca, Camder 
i; 62 

SHEAVES. See Drives, Belt. 

SHEET METAL FABRICATORS 

Cox { WF 601 Ottawa Ave., N. W 
Grand Rapids 2. Mict 

Croname, Ine 1769 Grace, Cileago 13 
I 


Hoffman Engineering Corp Dept. PM-T2 

Anoka, Minn. (Terminal! and Pull Bores 
t<irk & Blum Manufacturing Co $122 
Forrer, ¢ innati 9, Ohio 





SHEETS, ELECTRICAL. See Steel, Bie 
trices 


SHIELDING, ELECTRONIC 

Mag Shielding D Perfect Mica 
( F f Ave Chicag we 

Metal Textile Corp., Roselle, N. J. (Knit 
d Meta Strips, Gaskets, ete 

SHIELDS, ELECTRON TUBE 


Internationa Electror Research Corp 
W. Magnolia, Burbank, Calif 








Magnetic Metals ¢ Hayes Ave at 21st 
Ca ' N.J 

Macne Shie g 5 Perfection Mica 
‘ 1322 N Elston Ave., Chicago 
I 

Magnetics, In Box 391, Butler, Pa 


SHIPPING SERVICES 


United Air Lines, Cargo Sales Div., 36 8 
Wabash Ave., Chicago 3, Ill 


SIGNAL DEVICES 
»-Hinds Co., Syracuse 1, N. ¥ 
Pyle-National Co. 88 N. Kostner Ave 


Crou 





Chicago 51, I 
Wheelock Signats Ine 273 Branchport 
Ave Long Branct N. J 
SIGNAL 


LIGHT ASSEMBLIES See 
Lights, Pilot and Indicator 


a 


SILICON DIODES. See Transistors and 


Crystal Diodes 


SILICONES 

Auburn Manufacturi 
Middletown, Conr 

Continental-Diamond Fit 





», A Sub. of The 





Budd Co. Newark Del 
Dow Corning Corp., Midland, Mict 
Formica (¢ Sub. ¢ American Cy 
anamid 7 Spring Grove Ave., Cir 





cinnati Ohio 

General Electric Co Silicone Products 
Dept Waterford, N. Y¥ 

Insulation M turers Corp., 565 W 
Washingtor i., Chicago 6, Ill 
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Imperial 


the would fereedse- 
ERACING CLOTH 


In drafting rooms throughout the world 
Imperial quality is the standard by which 
fine tracing cloths are judged. This has 

been true for decades, and Imperial 
remains the finest tracing cloth be- 
cause its makers have contin- 
ued to improve its 
quality and 


value 


’ 
* 
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2 Porous Ceramic Bodies 


Here’s the answer to a need for not one... 
but TWO new porous ceramic bodies which 
permit a wide latitude of material appli- 
cation 


VAPORLAIN ... . for applications 
where it is necessary to retain moisture for 
gradual release. Made from a special clay 
that is highly porous yet strong enough to 
retain its molded shape. Available unglazed 
or glazed in a variety of colors. 


*7O023 CAPILLARY BODY... 
an unusual ceramic composition having 
low thermal expansion and a uniform dis- 
tribution of relatively large pores. Excel- 
lent for rapid filtering of gases or liquids. 
Write for additional details. Ask for 
Catalog 57 and allied engineering data. 


" STAR 


porcelain company, 34 Muirhead Avenue, Trenton 9, N.J. 


California Representative 
Edwin E. Starr, 410] Rhedes Ave., North Hellywood, Calif., STanley 7-5879 
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PANEL SPACE LIMITED ? SPECIFY 


CLS 2-Terminal 


TD Butea: 
Pilot Lights 


COMPACT 
RUGGED 


eae EL 
PLASTIC DOMES 


et a8 3838 
INSULATED 


UMD ls 
TL) ee 
ee ua 
terminals 


LT ToS 
of panel 
insertion 


or 
FRONT 


of panel 
insertion 






Dimming 
and 

<j Non-dimming 

types 


1-Terminal 
Pilot Lights 


for use on grounded 
circuits. Available 
with binding screw 
or soldering terminal. 





DIALCO’s expanded line of sub-miniature lights conform 
to all applicable Mil Specs. Use T-13% midget incandescent 
lamps—1.3 to 28 V. Spring mounted Lens-with-Message 


is readily positioned after installation... Mount from back 
of panel in 15/32” clearance hole; or from front of panel 
in 17/32” hole...7 lens colors...Shown approx. actual 


size (top to bottom): No. 134-3830-375-6... No. 101-3830- 
951...No. 101-5030-951...No. 109-3830-111...No. 111- 
3830-111...No. 107-1930-951. 

Complete details in Brochures L-156 A and L-157. 


SAMPLES ON REQUEST—AT ONCE—NO CHARGE 
a Foremost Manutacturer « 


©4 DIALIGHT 


CORPORATION 
~ STEWART AVE., BROOKLYN 37, N. Y. @ HYacinth 7- — 








i DIALIGHT CORP., 44 Stewart Ave., Brooklyn 37, N. Y 1 
I 5 send brochures on Sub-Miniatures C3 Brochure Cl. Catalogues 
| Name Position 
| Company | 
st 
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ELECTRICAL 


CONTACTS 


Contacts in BRALOY* 
(Silver-Cadmium Oxide) 


Resistance to sticking under high current and 
high inductive circuit conditions. Effective arc 
quenching properties. Can be supplied in the 
form of contact rivets, welding type contacts, 
etc. Whether you are seeking advice on new 
applications, redesign, or wish your own designs 
executed, send us your requirements, and they 
will receive our most careful attention. 


Extra KNOW-HOW 


for your specific design problems 
*Reg. 


LAMINATED AND INLAID METALS 
PRECIOUS METAL PRODUCTS FOR ELECTRICAL MANUFACTURERS 


318 Washington Street, Mt. Vernon, N. Y. 
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Specialists in 


HERMASEAL . .« cissto-Metl seas 


— Hermaseal 





CALL US ON STANDARD 
AND SPECIAL TERMINALS 


Hermaseal OCTAL Plug & 








—Hermaseal 





.. . A successful pioneer since 
1943 in glass-to-metal seals, 
compression (cold rolled 
steel) and matched (Kovar), 
to meet your needs. 


Hermaseal NOVAL 
Bracket Assembly. 


Header and a 





——Hermaseal 





. with its expert engineer- 
ing staff and the latest in pro- 
duction equipment is ready 
to serve you. 


Hermaseal 10 Kilovolt TERMINAL > 


For further information, 
phone 2-3773 or write: 


af 


4 


a 





7 THE HERMASEAL 


COMPANY, INC. 


1010 N. Main, Elkhart, Indiana 
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rts “sebanniee aah okie 


National Vulcanized Fibre Co., 
ton 99, Del 

Natvar Corp., 207 Randolph Ave., Wood 
bridge, N. J 

Taylor Fibre Co Norr 

Union Cart t Si 4 
Lexington Ave New York 17, N. ¥ 


Wilming- SOLDERING EQUIPMENT 


(irons, Machines, ete.) 

General Electric Co., Apparatus 
Schenectady 5, N. Y 

Idea) Industrie Im 1008-A Park Ave 
Sycamore, Ill 

Vulcan Electric Co., Danvers 


Sales Div 





rr s 





2, Mass 


SOLDERLESS CONNECTORS. See C 


nectors, Wire and Cable 


SILVER and SILVER ALLOYS. See als 


Contacts and Contact Points. For Solder 





SOLDER PRE-FORMS, See also Braz 


Alloys, Silver 
Handy & Harman, 82 Fultor New York 
8 N 4 
Kester Solder Co., 42 Wrightwood Ave 


Chicago 39, I 


SOLDER, SELF-FLUXING 


For Silver Solder see Brazing Alloys 





Kester Solder Co., 4209 Wrightwood A 
Chicago 39, I Oi ae 
London Chemical Cc 1537 N st Ave 
Melrose Park, Il 
National Lead ¢ lll Broadway New 
: i York 6, N. ¥ 
Mallory & ¢ Ir PrP. R Indianay 
6. Ir 
Ney ( I..M P. O. Box 998 Hartfor SOLENOIDS 
ne ‘ ' . en-Bradley C 1316 S. Secor M 
Wilson ¢ H. A., Route 22, 1 a, N. J gpa ae 
> , Anderson Contr I 7 Ma 
SLEEVE BEARINGS. See Bearings ar R D » I 
Bushing A ma Ele s Cc Nortt 
ke, I 
SLEEVING. SATURATED. See Tubing aytomatic Switch Co., 50-M Hanover R 
and Sleeving, Br i Fabric Flort ae SE 3 
Ca n Electric C Dept. 504 Hum 
, ‘ " wale alif 
SLEEVING and TAPE, ASBESTOS nn ere oo 
Insulation Manufacturers Cort 565 OW ‘ ag Il 
Washingt B Chicag é I ( canle i ‘ America 6 Sore 
M ille, Box 14, New York 4 « oe Park. f 
N, ¥ ( er-H er, I 264 St. Paul Ave 
Rayt Manhat Inc., Plastic Prod ii ive vw 
I Manhe D ‘ P H ' ) 
M 
el flilw 4 
SLIDE ASSEMBLIES q 
S ( I ( 4 Sales D 
Ra ! I B W , 
: Lela I G i Ve I ” 
o 
SLIDE RULES, CALCULATING siothuay-Norris Manuf P 
Keuffel & Esser ( Hoboken, N. J Marconi, S M 
oO 
SLIP RINGS. See BR ( ector . Mire ¢ “ ( . ( 
SLOT INSULATION. S I rics, Ins at oa ( r ‘ 
ss oe s as _— R-B-M ‘« D ex Wire ¢ 
= i i i i 
SLOTTERS, MICA. See Commutator Saws - 
. ; s ‘ ‘ Mi 
waukee, Milwaukee Wis f 
SOCKET SCREW KEYS and Westing . k Corp Gatew 
WRENCHES Center, Bldg. N 401 Liberty A 
Allen Manufacturing ¢ 3 Sheldon r rgh 22, Pa 
_, Hartt ec eee p Jenk ‘ SOUND and VIBRATION METERS 
Pa Hickok Electrical I ent 54 
Dupont Ave Cleveland 8, Ohie 


SOCKETS and ADAPTERS, RADIO. See caeen INDICATORS. See Tachomoters 


SPEED REDUCERS and DRIVES 


SOCKETS and RECEPTACLES, LAMP For Mo e Motors 
M f ( 44 Ww \ Cha r Milwaukee 1, Wie 
A r J . oe Be 7 
} ‘ 4 I Bo ar iI r — 4 , 2415 Pennay 
“ . ” Blec ‘ A Ft. Wayne, Ind 
“Hartford €. « ‘ ry I rie C S06 Pine, St. Loute 
S Co M 
fn ; { ( I ae 338 
: ‘ 4 } 1 
ie an Co., A stus Sales Dis 
Corp. “ I r ‘ 
M ( I i M Co; Mi Grove 
4 I 
( M ( I 
) ‘ 
S r . atat ” SPRINGS, COIL and FLAT 
( rc Plastics D Accurate Spr Mfg. Co., 3817 W. Lake 
; Pla I rin 
oh : Amer Steel & Wire D U. S. Steel 
“2 Cor Rockefeller I Cle i 


SOCKETS, FLUORESCENT. See I 
: 4 é 


SOCKETS, VACUUM TUBE 

4 | tr s Corr 18 s 

M ‘ r ‘ Ar a ‘ I 
‘ N 

I State k Cc I s I 
cm G Va ( 

N. J 


SOCKET SCREWS. See Fasteners 


SOLDERING COMPOUNDS 
Fluxes, Paste, Liquids, Salts, ete.) 











Chase Brass & Copper Cc Sut f 
tt ( er Corp., Waterbur Conr ea ied a 
E en Wire Cc Wire and Cable Div., sen Biv i. Little Falls. N. J Ber 
waves, End . lium, Copper) 
General Electric Co. Apparatus Sales Div., route aering & Mfg. ¢ 9646 W. Nor 
Schenectady 5, } - } 
Handy & Harman, 82° Fulton, New York 4%, Chieago 47. 1M. 
38, N.Y E Dayton, Ohie 
Kester Solder Co., 4209 Wrightwood Are., apie GERe ak Dip, Aawdlated Bok 
hicag 39 ll * . . 
London Chemical Co., Inc., 1537 North Corp., Corry, Pa. 
3ist Ave., Melrose Park, Ill ; a 
National Lead Co., 111 Broadway, New STAINLESS STEEL. See Steel, Commer 
York 6, N. Y. cial Forms and Grades 
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ra 

| Staggered 

_. Starting of 
electric 


motors... 


AGASTAT 


Time / Delay / Relay 


AGASTAT 
eo 
oar enr' 


. 
- 
~~ 





illows you to stagger the starting of three motors 


AGASTA1 
wit! it | r the r ke id n the line at the 
The AGASTAT is ® electrically actuated, pneumatically timed 
® light versatile, dependable 
® instantaneous recycling 
® adjustable in timing from 0.1 second to more than 
10 minutes 
® available in AC or DC models which offer delays 
on energizing and de energizing, manually actucted 
time delay switch, remote push button control, her- 
metically-sealed units 
Write our application engineers for help with 
your timing problem. Address Dept. A-25-221 


Elastic Stop Nut Corporation 
of America 





AR TIO), | 


1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing 
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ELECTRICAL PORCELAIN 


built to your drawings and 
specifications. Send us 
your inquiries. 
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TAP-LOK’ 


the best. 
simplest, lowest-cost 
threaded fastener insert 
— har none! 





TAP-LOK Quality 

is Proven by Current Use 
in 

OO SOOO RR 


Fighter Planes 
at ce 
A 





Jet Engines 






—< 


ZS, = 2S 
Ke tor x 
Ee <> — Electronic Computers 7 


i_- 
= 


| rv 
2; 1a 5 I} L 
Le fh ATT] Guided Missiles ~~\, 
‘ \ ji } 
Aunitiary Engines "© foe 
(Govt. & Civilian) u - > 


i 
— S W/ } 
en cane Automobiles \ 
= = Bombers 


and many other products 


Tap-Lok Inserts provide he avy-duty steel threads for 
threaded fasteners in light metals, plastics and many 
other materials. They excel in saving time and cost in 
assembly, among all types of bushings designed for 
this purpose 


Tap-Lok Inserts are SELF-TAPPING and friction-locking in 


a single step. They increase thread strength 50% or more 
They require no separate tapp 





1g Operation, special hole 
preparation or secondary staking 


Tap-Lok Inserts are made in two types—the Regular 
Series, with a 2B internal thread for general applications 
in aluminum, magnesium and zinc die castings and 
sand castings; and the “H” Series, with 2B or 3B in- 
ternal thread for use in wrought and high strength 
aluminum and magnesium castings, as in aircraft appli- 
cations oe, 


In accordance with MS 35914. 


SEND FOR 
FURTHER 
INFORMATION. 


CORPORATION 





1128 Hendricks Causeway, Ridgefield, New Jersey 
TWX: Cliffside 26 
IN CANADA: Metal and Wood Fastening Devices Co., Valois, Montreal 


Also manufacturers of Groov-Pins for positive locking press fif. 
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Terminal breakdown \ 


problems solved 
on airborne radar 
transformers... 


HIGH-TEMPERATURE, HIGH-VOLTAGE 


* 







TERMINALS 


: 
eget 
sn 

yr 


rcraft fly at faster speeds and 


altitudes, causing components to 


undergo extreme te mperature change and 
mechanical shock. In addition, high braz- 
ing temperatures weaken glass type seals, 


resulting i1 
of ADVAC 
the proble 
strength te 
shock, offe 
and are ad 


soit solder 


1 a high reject rate. Installation 
: alumina sealed terminals solved 
ms completely. These super- 
rminals are immune to thermal 
r highest mechanical strength 


aptable for brazing, welding and 


ng. Maximum operating voltage 


Complete information and catalog available 


1 


on request lease address inquiries to 
Department MF. 


ADVAC Terminals are Products of — 


ADVANCED 


| VACUUM 
| PRODUCTS - INC 


430 Fairfiel 


' 
F 


A DIVISION OF GENERAL CERAMICS CORPORATION 


348 


d Avenue, Stamford, Connecticut 
Telephone: DAvis 4-2148 
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STAMPINGS, METAL 
t Spr Mf WV. Li 
M ‘ s 
‘ \ i 4 
Br ( 
RK I 
M 
« s f 
M 
‘ As 
I ‘ 
r 
ae ‘ M 
g Er Pa 
j a 4 
i A 
‘ \ 
I M 
‘ oO 
« - 
M ‘ 
Korff Gear ¢ N Morgat 
ag 
\ ut 
" M 2 ( 
4 edi 8 g Cor 2 
r da Oo 
Mfg. ¢ v. Associated Spring 
Pa 
( r and Br I 2 Park 
w York 17 Y 
f b f J is Tool Works 
a Rd Elgin, 1 
} r r . I 4 
wa w York 19, N. Y 
Car } aT ( 
Ma 
( a ” Md 
Mfg. Cc 1 West Hubt chi 
M ar fa g and Toel C 7 
Arcade I ago ee 
STAMPINGS, NON-METALLIC 
Auburn Manufacturing ( 306-1 Stack 
lletown, Conr 
ntal-Diamond Fibre, A Sub of The 
judd ¢ Ine Newark 1 De 
Ford Rad & Mica Corp., 536-540 63rd 
Brooklyr N ¥ 
Fry ge Mfg. C Erie, Pa 
I r ‘ 9 Lake, Melrose Park 
Sta Brothers Fibre Works 
t } M 
STARTERS, FLUORESCENT. See F 
rescent Lamp Auxiliaries 
STARTERS MOTOR See Controllers 


Motor: Push B 


STEATITE. See Ce 


STEEL (Commercial 


Allegheny L, Ss 








York 
Ir 


8 I ABCDEN 


Sharon Steel Corp., 
ENST 





er and Brass 


ey 


Form 


Pa 


re D 


Bidg., 


= 


stol, 


f Am 


B 


N 


ST 
Shar 


Superior Stee] Corp 


ADNS Spring) 


Tennessee Coal & Ire 


Cory Fairfield, A 
S. Steel Corp 


Pittsburgh Pa 


m Div 


a 


>» Wi 


“(S-A 


STEEL, ELECTRICAL ( 
(Sheets and Strips) 


Acme-Newport Steel 


Cerp 


ations 


s and Grades 


v I Ss 


div 
Conr 8 


Sub. of Ken- 


Waterbury 


Uv. 8 
alif 


erica, Chamber 
Pittsburgh 19, 


1875 McCarter 


m, Pa ABCD 


liam Penr 


CDN) (T-: 


Silicon) 


Newport, 


Cleveland 


Associated 


co 


2 
20 


Steel 


Pa 


Park 


ph T., Chicage 


Ky 





~ 
¢ ( 0 
i l’a 
s ‘ Sharo a 
$s. 8 ( W ain I I 
STRAIN RELIEFS. See Griy 
Stra Relief 
STRIPPERS, WIRE 
4 ' er ( S 
‘ gs. ( S 
‘ y 
I I ries } 
I 
sustric I 
s . I 
‘ ‘ 1 
\ M se Park, I . 
I I Pa 
” 
Mr ( Vi 
& I 
S .- ¢ } a 
‘ i oO 
STRIPS, BLOCKS and BOARDS 
TERMINAL 
AMP Incorporated, 5284 Eisenhower I 
Harrisburg, Pa 
A M fa 4444 W 
I ( ar 
4 a ava Cory ‘ a ga 
4 , Co 4 
s M ea M 
I 4 t s & 
K H e J 
Burnd ( oO I R A 
Conn. 
s r i Corr 453 
4 Can £ 8 Mass 
r-H I is 2 
Milwaukee Wis 
I Gray ( E Day 
oO 
Fe + . Ra ( bly 
erna al Te a Telegra 
Co I & R Clifton, \ 
Hart Manufa g 2 Ba “ 
Ave., Hartfor ( 
‘ r le 
RK ( at 
Howard B 
( I 
Molex a ( 
Myvcale f 
‘ fton J 
Rex Rheostat Co Y 
s 5 by 
amics ¢ t ter 
N Y 
I as & Betts Co I 28 B 
Eliz 1 N. J 
United States Gasket Coe Plastics Div 
f The Garlock Packing Co., Ca 
N. 2 
Wama C Baltimore 2, M 


STROBOSCOPES 
Hickok Electric Instrument Co 
Dupont Ave Cleveland 8, Ohio 


SWITCHES. AUTOMATIC and MANUAL 








Float iid Leve A 
Limit Act I 
Magnetic ( 
Mercury D 
Pressure FE 
Therma F 
G 
H 
J 
nd Fixture K 
L 
Heater (Series Multiple) (M 
Jack, Key and Lever N 
Panel Oo 
Snap (Toggle, Slide 
Rotary P 
Remote Control R 
Selector s 
Through-Card Snap 7 
Coaxial I 
Motor Spee Contro Vv 
Rotary Ww 
Col x 
Push Buttor Y 
Circuit Breake Push But 


ms: Controllers, Motor; Relays 











AEMCO, Inc 50 State, Mankato. Minr 
(GR) 

Adams & Westlake Co., 1168 N, M iga 
Elkhart, I D 

Alcor Manufacturing Co., 4444 W. Roose 
velt Road Chi 24, 1 KPWY 

Allen-Bradley Co., 1316 8S. Second, M 
waukee 4. Wis. (ACEFJPR 

Allied Control Co., Ir 2 East End Ave 


New York 21, N. Y CDGHR 
Allis-Chalmers, Milwaukee 1, Wis RS 
Anderson Controls, In 2777 Mannheina 

Rd., Des Plaines, Ill 
Arrow-Hart & Hegeman Electric Co., 103 

Hawthorne, Hartford 6, Conn. (ACDHK 

MPRT) 

Automatic Electric Sales Corp., Northlake 

Il. (BCDGHLNRSTVW) 

Automatic Switch Co., 50-M Hanover Rd 

Florham Park, N. J. (CHR) 
Centraiab, Div. of Globe-Union Ine., 914 

E. Keefe Ave., Milwaukee 1, Wis 

(NSW) 

Circle F_ Mfg. Ce, Treaton 4, N. J 

(KPWY) 

Clare & Co., C. P., 3161 Pratt Blvd 

Chicago 45, Ill. (SW) 

Clark Controller Co., 1146 E. 152nd, Cleve 

land 10, Ohio (C) 

Comar Electrie Co., 3349 Addison 

Chicago 18, Ml. (N) 

Controls Co. of America, 9551 Soreng 

Ave., Schiller Park, Ill. (ABELPS) 
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No Guesswork Seating Cable! ma © 


SHERMAN 


TERMINAL Gh 
LUGS é yy | 


Uni-Crimp 
with PICTURE WINDOW Design 


Sight Hole lets you see when cable is seated and ready for 
crimping. The Uni-Crimp AN Solderless Type lug is designed 
in One piece and made from electrolytic copper for maxi- 
mum conductivity. Beveled mouth for ease of cable entry 
Crimping Tool locator spot on barrel. Conforms with Mili- 
tary Specifications (AN659) for aircraft installation. Angle, 
Two Hcle, or Center Formed types as needed 


SHERMAN CRIMPING TOOLS 
Sherman tools designed for use wit f 
Uni-Crimp give 


we 


ndenting pres - a 

free connections. Rotate the dial 

to cable size plainly marked on 

dial. Tool applies proper amo 

of pressure One Indentor and one 

Nest accommodate ali cable eS. WW rite for 

Hand and pneumat bench too 

ovailable F U L L 
INFORMATION 


B. SHERMAN MANUFACTURING CO. BATTLE CREEK, MICHIGAN 


Circle 355 on page 17 


| 31 YEARS OF WIRE STRIPPING 


EXPERIENCE 


n ending wir amp! no obligatior 
"WIRE ‘STRIPPER CO. i Chievetanb. on10 


Circle 356 on page 17 


FOLDING DOUBLE CUPPED WASHER LUGS 


Solderless me) 9 


Easy to Apply p= 
mmx) No Special Tool Needed om 


— One-Piece Construction J .. 7% 


on eli oh BG 6OwW 


eT 
— EERE 0 0 


Circle 357 on page 17 





OF COURSE 
ONE SOURCE! 


for manufacture of 
base laminates and completed 


PRINTED CIRCUITS 


4 
‘l 


Norpiliesz 


Pp" circuits 


Manufacturers and fabricators of industrial laminates 
for electrical, mechanical application. 
Salscoffices 


2nd & Market Streets, La Cr 


Circle 358 on pag 











KATO 


VET Age 


MOTOR 
GENERATOR 
SETS 


AUTOMATIC 
ADJUSTMENT 
360 TO 440 CPS 





CONTROL PANEL 


Synchronous 
starter and 
tor controls includ 
ing magneti an 
plifier, voltage reg 
ulator ir abinet 


motor 
genera 












Circle 359 





Dress Up Your Products 
with these 





Designed by Robert Podai: 


Featuring metal inserts of 


chrome, copper, _ satin 
brass, gold. In a variety of 
thermosetting materials, 


| both phenolic and urea. 
Send for details. 


| ROGAN BROTHERS 


8027 W. Monticello * Skokie, Ill. 


350 Circle 360 





Wer atid cca el Plata ke 


FOR BETTER BENCH 
MOCK-UP TESTS! 


” MODEL 
45S EPOT 

















REMOTE 
CONTROL 
Remote control fre 
quency adjustment 


varies speed from 
1080 to 1320 rp. 
thus varyina§ tre 
quency Bench 
mock-up test sta 
tion may be | 
cated 





anywhere 





4 = - 
; MANUAL ADJUSTMENT 
a 45 TO ¢ ces a* 
re Easily adjusted by simple hand § vj 
wheel controlling variable pit * 
. pulley V-belt arrangeme T € Nae 
ie mot generator set gives 45 t  — nt . 
30 CPS output. Unit holds speed <i> rm, 
u f : — 5 
@ accurately. Freavency meter on i MODE! 
generator panel Single phase w : a 
a generator speed varies from <A, XAD 
@ to 1950 rpm GENERATORS 
, CYCLE A. ( 
‘ FROM TTs 
= WRITE FOR FOLDER — IT’S NEW! mye ten cae 
ca 





928 
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\“ Ele cal In ent ¢ 4 
Da I 614 | 
A New \ J 
TAGS. TERMINAL aad 
IDENTIFICATION 
Na B & I ‘ “ tox 
( I 4 W ox 
h lath 
Y 
TANTALUM 
VYansteel M ( 
I 
& ( 
Ind 
TAPE ADHESIVE and COIL 
FASTENING 
‘ & i 
1 ‘ 3 
Ww 
> Pr 
A 4 ‘ » 1 
M M & Mf 
TAPE FRICTION and SPLICE 
M & M 
Ir 
‘ Y 
APE. INSULATING Fabr 
4 
TAPE MAGNETIC RECORDING 
APE. MICA M 
TAPE SHEETING SYNTHETIC 
RESIN 
Ba 
¥ 2 AS ¢ 
‘ P| ¥ T 
: Mt ' Co W 
( AZO I 
{ ta M g & 
“ul Ar o I 
‘ } ‘ 
k A Ss 
Paul M 
ar Co I A Vv 
J I ( } tries 
I fge, N. J 
I Ma I Prod 
M | 
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‘ 1 
TAPES, MEASURING 
ff & } ‘ H 
TELEPHONES 
‘ = ¥ 
j S S Co., 6656 
Ss ( 4 ‘ I 
( I Holtze 
‘ 4 Bostor 4 
MI 
4 ; f Genere 
‘ ( Rd RK 
Y 
TEMPERATURE CONTROLS See Con 
P r re r Relays 
8 Thermostats 
TERMINAL BLOCKS. See Strips 
TERMINALS. > I q 1 Terminale 
TESTING CHAMBERS See Chambers 
TESTING INSTRUMENTS. See Instru 
4 To Portable 
THERMAL SWITCHES. See Switches 
THERMISTORS 
r Electr C Metallurgical Prod 
Dept 11 E. 8 M Ave., De 
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THERMOCOUPLES 
A Pr ts, Im Wilson Mills 
K Chesterland 14, OF 
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the Nj E} YW the ONLY Complete Line of Relays 


with the Built-in Indicator Lamp 
SPOT- LITE — 


wa 


ee 
1%x1%x2% 
SPOTS CIRCUIT contacts: 


Up to 3 P.DT 


MALFUNCTION oars 


non-inductive — 


INSTANTLY! tree 


igi ate 


S$PECTR2 CATIONS 


COILS: 

Set me 
& OC voltages 
Pare ae Mer 1 
Patea had 
HOUSINGS: 
uml ad 
polystyrene in 
clear or choice of 
re meee 
identification 


OR CIRCUIT IDENT 


TT ELECTRIC COMPANY 271 South 6th Street 


Newark 3, New Jersey 
AFFILIATE INDUSTRIAL TIMER CORP. 


Circle 361 on page 17 


; EMBs aa 
MARK WIRES PERMANENTLY! 


Easy To Apply Metal Tags, replace Need a Low -Cost 
Obsolete String and Paper M:thods . 
Sub -Miniature Switch ? 


FREE SAMPLES AND FOLDER LIST 
ALL STYLES AVAILABLE ON REQUES 


NATIONAL BAND & TAG CO., P. 0. Box 9-254, Newport, Kentucky 





Circle 362 on page 17 


| High Cmissivily ae 


Coating 


'SAUEREISEN ses eae 
No. 7w 


iat teas i ae ELECTRICAL PRODUCTS CORP. 


1643 Deerfield Rd., Highland Park, III 


Phone: Idiewood 2-8182 


Circle 363 on page 17 Circle 364 on page 17 351 
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RANGE AND REFRIGERATOR HARDWARE 
IN STANDARD AND CUSTOM DESIGNS 


Make National Lock Company your |-source sup- 
plier for appliance hardware. Distinctively-styled 
decorative hardware... soundly-engineered 
functional hardware . .. all are included in the 
complete selection of standard items. Our 
specialists will work with your designers in 
creating custom-built hardware to meet your 


requirements. Write for information and prices. 


NATIONAL LOCK COMPANY 


Rockford 7 


Illinois 
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Lie mae > ob 
when DANO makes your Coils 


Every DANO coil is 


customer 


tailor made to 
specifications 


Recsardless of type or quantity, let 


DANO fill your next coil order! 


Bobbin 

Form Wound 

Paper Interleave 
Encapsulated 
Vacuum Impregnated 
Specially Treated 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 


Circle 366 on page 17 


RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the base 
stud, and it snaps into place making 
a positive electrical connection. To 
remove just pull it off; no screws to 
bother with, no springs to bruise fin- 
gers. 


Write for descriptive folder 


THE RAJAH COMPANY 


35 VERONA AVE., NEWARK, N. J 


Circle 367 on page 17 


HEAT CONTROL — LIGHT CONTROL 
att a mc its 


close adjustment (AC or DC) 


Portable Plug-in RHEOSTATS 


for APPLIANCES 


TV pul EV 


Tare See sel isa 


NATIONAL ELECTRIC CONTROLLER CO. 


7076 Glenwood Ave., Chicago 26, Ill. 


ESTABLISHED 1910 


Circle 368 on page 17 


Circie 3604 on poge f/f oot 


ROSITE 2150 


COMPOUND 


Non-carbonizing, highly heat resistant 
moldings for a Size 4 Contactor. Pro- 
duced from stone-like ROSITE 2150 with 
OU ur ue ts a ere 


Offering Built-In 
Arc Quenching” 


ROSITE 21560 is a specially formulated material pos- 
sessing “built-in arc quenching” characteristics. As a 
result, it is a superior material for applications in an 
electric arc. Its are quenching ability has, in some 
instances, increased are interruptive capacity of Line 
Starters as much as one full size solely through 
change to this cold molded composition. It has proven 
its value over a wide range —from very small devices 
interrupting currents as low as 10 amperes to large, 


5,000 KVA. 


high voltage equipment interrupting 2! 
Rostone Corporation provides this material custom 
molded for many leading manufacturers of electrical 
equipment. We invite you to make inquiry—samples 
available for test. WRITE TODAY 


PRODUCED EXCLUSIVELY BY 





on en 


En gin £e%4 and C 


2405 S. Concord Road 


ustom Molders 


Lafayette, Indiana 


Circle 369 on page 17 353 











Reliance Speed Indicator 





This all electric unit consists of three parts, a pick-up, an | 
indicator, and a two wire electric connecting cable. Stand- 

ard scales are available, reading from 0 to 750, 1500, 2000, 
2500, 3000, 4000, and 5000 rpm. Special scales are avail- 
able that measure in units other than revolutions. 


Reliance Speed Indicators may be mounted either directly 
to the shaft, or offset. An electric connecting cable up to 
300’ long may be used for remote readings. A-1557 


Write for Bulletin A-2405 


RELIANCE 


DEPT. 272A, CLEVELAND 17, OHIO 


Sales Offices and Distributors in principal cities 
Circle 370 on page 17 


LIST PRICE COMPLETE 


$126.20 


Including pick-up, indi- 

cator, mounting parts, 

and 10’ of electric cable. 
Quantity discounts. 


ELECTRIC AND, 
ENGINEERING CO. 


CONNECTORS 


A TYPE AND SIZE FOR EVERY NEED 





BAKELITE « CERAMIC « SET SCREW | 
| 


300, 600 or 1000 VOLTS... 


“Hi's’ GOT'EM! | 


Fully approved by Underwriters’ Laboratories, Inc. and | 
the Canadian Standards Association. MILLIONS IN USE! 


MW CHECK OUR Gg @ +» A | 


PRICES! 

SEND FOR ‘“ 
BAKELITE BAKELITE CERAMIC 

""SCREW-ON" ‘'SET SCREW" 


FREE ' ee 
SA MPL FS seas TODAY FOR 1958 “Hi” CATALOG | 















! 
SPECIFY TYPE AND 1 NAME 

WIRE COMBINATIONS | 
1 FIRM 
; ae 
1 ADDRESS 
' 
' 





HOLUB INDUSTRIES, Inc. 


445 ELM STREET @ SYCAMORE, 


ILLINOIS 


Circle 371 on page 17 


Se ae ae eae ee eee eee Neer eae ene See op eee ene pee eee peer a Seren year ee ee Se ee ee a 








Electrical Products Ca., 2240 F 
Dayton 3, Ohie 


lard 
hird 


Star 
T 
TRANSMISSIONS and 
VARIABLE SPEED 
tavejoy Flexible Coupling Cc 
Chicago 44, Ill 


PULLEYS, 


4n0z W 


iaet 


sRANSISTORS and CRYSTAL 
241 


DIODES 


Transistor Products Crescen 


Mass 


we and Kadio Cr 


cevile 





Div 















icts, Semi uctors, Div. o 
aft Co., International Air 
as Angeles 45, Calif 
Rectifier Cerp 1521 } 
bl Segundo, Calif 
i Resistance Co., 401 N. Brow 
ia 8, Pa 
1 juctor Div., Radio Corp. o 
America, Harrisor N. J 
Sprague Electric Co., S07 Marshall, North 
Adams, Mass 
sy Electric Products Inc., 1740 
$ iway, New York 19, N. Y¥ 
Texas 1 rumnments | porated, 6000 Len 
mon Ave Dallas 9, Texas 
fransitron Biectro Corp Wakefieli 
Mass 
Westinghouse Elect Cer Gateway 
Center, Bidg. N 4¢ beriy Ave 
Vittsburgh 22, Pa 
TUBE PARTS (Electronic). See | 
tronic Tube Components 
TUBES, CATHODE RAY 
General Electric Cx Tube Dept., Schener 
ady 5, N. Y 
KCA Electron Tube D Radio Corp. of 
America, Harrison, N. J 


TUBES, ELECTRON (Industrial) 





Amperite Co I Broadway New 
York 12, N. ¥ 
Chatham Electronics, Div. of Tung S 
Electric 1 : ee 
Kitel-McCulloug! San Bruno, Calif 
Wiectrons inc., 127 Sussex Ave,, Newark 
Radio Co., Div. of 
ne and Telegraph 
i Kd., Clifton, N. J 
ube Dept Schenee 






Hughes Pro 





Hughes Air Int 

port Sta Las es 4 
RCA Electron Tu 

America, Harrison, N 


Sylvania Electric Products 
Broadway, New York 19 
toree I ‘ 
Ave ‘ Cs eo 

Westinghouse Eleetr Corp 








Center, Bidg. No. 3, 401 Liberty 
Pittsburgh 30, Pa 

TUBES, METALLIZED GLASS see 
Glass, Technical 

TUBES, PHOTOELECTRIC. See Photo 


electric Cells and Tubes 
TUBES, THERMOCOUPLE 
Ka al ¢ 

Conn. 


TUBING, ALUMINUM. See Aluminum 


TUBING 
PER, 


BRASS 
See Brass, 


BRONZE and 
Bronze and 


cop 
Copper 


TUBING, FIBRE. See Fibre 


TUBING LAMINATED METAL : 
Laminated Metals, Precious and Base 


TUBING, MICA. See Mica 


TUBING, NICKEL and NICKEL ALLOY 
See Nickel and Nickel Alloy. 


TUBING, PAPER 


Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio 

Continental-Diamond Fibre. A Sub. of The 
Budd Co., Newark 13, Del 

Paramount Paper Tube Corp., 612 Lafay- 
ette, Ft. Wayne 2, Ind 

Precision Paper Tube Co., 20385 W 
Charleston, Chicago 47, Il. 


TUBING, SILVER. See Silver and Silver 
Alloys 


TUBING and SLEEVING, BRAIDED 
FABRIC. (Textile or Glass-Fibre treated 
with lacquer, varnish or synthetic resin.) 

Bentle Harr Mf Co Bar 
Conshohocken 2, Pa 


Borden Co., Resinite Dept., Santa Barbara 


Calif 
Brand & Co., Inc., William, Willimantic 
Conn 
Continental-Diamond Fibre, A Sub. of The 
Budd Co. Newark 13, Del 
Insulation Manufacturers Corp., 565 W 


Washington Bivd., Chicago 6, Ill 








I D M ta Mining & Mar 
1 g Co ) Argyle Terrace, Irving 
ton 11 N J 

Natvar Cory Randolph Ave., Wood 
bridg N J 

Owe ‘ ing Fiberglas Corp 8 Madi 
5 Ave New York 22, N. ¥ 

Varfiex iw. ¢ Rome, N. ¥ 

Electr Gateway 
Bidg. N Liberty Ave 
I” Pa 

TUBING and SLEEVING, EXTRUDED 
PLASTIC 

Borden Co., Resinite Dept., Santa Barbers 
Calif 

Brand & Cr I Ww am, Willimantic 
Conn 

Genera Flectr Plastics Dept 
Decatur, Ill 

Insula Manufacturers Corp.. 565 W 
Washington Bird Chicago 6, I 

Irvington Diy Minnesota Mining 


& Mar 
ufacturing Co., 9 Argyle Terrace, Irving 


ton 11, NJ 


National Vulcanized Fibre Co.. Wilroing 
ton 99. D 
Natvar Cor Randolph A Wu 
New Jersey Wood Finis 4 
\ 





Mor 4 
Unite Sta ( ket ¢ l ¢ 
r? Ga k Va g (x Ca 
NJ 
Varfi ( iw. ¢ R nim 
TUBING STEEL ee Stee re rm 
For A G s 
TUNGSTEN. See also Contacts 
Fanstee) Metallurgical Cot North Chi 
go, Til 
Mallory & Co I i R Indianapolis 


Ind 


UNDERCUTTERS 


tiers 


MICA See Mica 


UNIVERSAL JOINTS 

‘ I 
VACUUM TUBES. 8&8 Tubes, Catt 
Ray; Tubes, Electror 
VALVES, MOTORIZED er SOLENOID 
OPERATED 


Automa Ss ‘ M ‘ er kK 
Florham Park N 





Rockford, I 
Controls = ¢ of Ame a, 9551 Soreng 
Ave., Schiller Park, I 
Genera! Electric ¢ Apparatus Sales Div 
Schenectady 5, N r 
MeQuay-Norris Manufacturing Co., 232 
Marconi, St. “ouls 10, Mo 
Mercoid Corp., 4201 Belmont Ave Ch 
c Valve Div., New Britair 
k Cor Gateway 
N 401 Liberty Ave 
a 
VARNISHED FABRICS Bee Fabrice 
Insulating 
VARNISHES, COMPOUNDS and 


RESINS, INSULATING 


acme Wire Co., 1255 Dixwell Ave 
Haven 14, Conn 


ver 





ef l ¢ TI ‘ r | r 
bE 4, 2 i , ‘ Y 
Borden Co., Kesinite Dept., saute Barbara 
Calif 
Borthig Co., Inc., George C., 242 Paterson 
Ave East Rutherford, N. J 
Brand & Co., ly William, Willimantie 
Conn 
Dow Corning Corp., Midland, Mich 
(Silicone) 
du Pont de Nemours & Ce., (Inc.), E. I 
J it i Dept 
Wilmington 95, Dei 
Durez Plastica Div Hooker Electre 
‘ \ k R Nor 
Tonawanda, N. Y 
General Electric Co., Laminated Producte 
Dept Coshoctor Ohio 
Insulation Manufacturers Corp., 565 W 


Washington Blvd., Chicago 6, Ill 

Irvington Div Minnesota Mining & Man 
ufacturing Co., 9 Argyle Terrace, Irving 
ton 11, N. J 

Lendon Chemical 
Ave., Melrose Park, Iil 

Mica Insulator Co., Sub. of Minnesots 
Mining & Manufacturing Co., Schenec 
tady 1, N. Y. 

Minnesota Mining & Mfg. Co., 
Products Div., 900 Fauquier 
Paul 6, Minn 

Oronite Chemical Co 200 
Francisco 4, Calif 

Sherwin-Williams Co. 
Div., Cleveland 1 

Union Carbide Corp Silicones 
Lexington Ave New 

Westinghouse Electri 


Co., Inc., 1537 N. Siet 


Electrica) 
Ave., St 
Bush, San 


General 
Ohlo 


Industria! 
Div., 420 
York 17, N. Y¥ 
Corp., Gateway Cen 








ter Bidg No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 
Zophar Mills, Ir 2-130 26th, Brooklv: 
a 
PLECTRIE ANU FACTURING 
— - 
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SPECIFY STA-KON 


= DID YOU SAY 
‘ RUBBER PARTS 
WITH 
HIGH THERMAL 


STABILITY ? , \i4 


/ 


SELF-INSULATED TERMINALS! 


Take advantage of 
e lowest installed cost 


@ pressure-connector permanence that’s right! 


e self-insulated safety 


This complete line f lf-insulated Sta-kon terminals gives SS TALWAR I 


you positive a ce against accidental contact by adja- 


ent terminals. Eas than-ever to install, they provide 
highly conductive joints ... large contact areas ... tough, SILICONE 
stable Nylon insulatior and a permanent, vise-like grip 
m the conductor. Color-coded by size for instant identifica- 


tion. Three sizes of terminals will accommodate +22 through rubber parts 


=10 AWG siz Available ing al fork tongues, as well 
is special style ‘rite for our NEW Bulletin 82, showing 


the complete dine ol Sta on terminals, connectors and resist 


nstalling 


THE THOMAS & BETTS CO. temperatures 


INCORPORATED 


28 Butler Street, Elizabeth 1, New Jersey from 160 FE. to 


THOMAS & BETTS LTD., Montreal, P. Q., Canada ENGINEERED 
MANUFACTURERS OF FINE ELECTRICAL FITTINGS SINCE 1898 - aiden} P ¢ 
Circi 372 on page 17 --.and heres more good news tor 


design engineers! Stalwart can re- 





place heavy, awkward designs with 


precision-made silicone rubber 
lt Electrical Coil Windings parts that are lighter and smaller. 


Stalwart engineers will work close- 
For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


also can be covered with Nylon, 

SINCE 1917 Dacron, Orlon and fiberglass. Parts 

63 Pavilion Avenue Providence 5, Rhode Island can be supplied in realistically- 
priced production or job-lot quan- 


ly with you to produce Silicone 
parts to meet your most exacting 
specifications. For special applica- 
tions, Stalwart can supply fabric- 
inserted shapes. Silicone shapes 


Circle 373 on page 17 tities. 


Discover for yourself why more 


Strip Wire Faster, Cleaner... 
Save Time, Eliminate Rejects 


Using Lonco Chemical Wire Strip 
pers, one operator can strip over 
2,000 armatures or several thousand 
field coils, yoke coils, etc., per day 
Leads are stripped brilliantly clean 
to exact point desired. Strippers vola 


tilize from leads in seconds, eliminat- : . 5 
ing any possibility of corrosion or leakage ae 
Save time and money with Lonco Chemical p , oro wit 


Wire Strippers. Available in 1-gal- i < = ' a RUBBER COMPANY 
trim jon bottles or 6 gallon carboys 


Request bulletin es > Main Office 


and more design engineers are spe- 
cifying Stalwart Silicone rubber 
parts. Write today for Bulletin 
56-SR-3. 


197 Northfield Road, Bedford, Ohio 
Manufacturing plants in Jasper, Georgia 
and Bedford, Ohio 


eas 


Pears LONDON CHEMICAL CO., INC. 
1537 N. 31st Ave., Melrose Park, III 


Circle 374 on page 17 Circle 375 on page I7 
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( Wire ( I wreh, } 
Yor N. Y. (BT) 
rotect and control machines, | : is “iatiacsa GE Corn. wang 
" | VARNISHES INSULATING See Var f oC A BCT 
Ox inds a Re 5 Exsex WV ‘ Wire and Cable Div 
| . | ! Wayne, Ind. (BT 
| equipment and processes— | patent Warne, ed CB os in. 
V-BELTS. See D « Be Internationa Telept e and Telegraph 
K and Bd., « J 
: 3 5 ral Cable 420 Lexington Ave 
Rapidly respond to extremely EE | RTATENS Sent qncmnee Sada ta. cnet See 
: ‘ N. . Sg rials D Br port 2, Conn. (ABCX 
eh ee Westinghouse Electric Ooep.. Gateway Cen- Hitemp Wires. 1 an be 
. 401 Liberty Ave Westbury, N r 
Pa Phalo Pla Corp., Commercial & F 
LIQUIDS, SOLIDS, GASES | er Worcester 8. Magu. (TX) 
’ ’ U | v D Copper Products Corp Fort 
| VIBRATORS Ww e Ind 4 BCTX 
HEATED SURFACES AND | Acrorer Corp. New Bedterd, Mare 4 Plage, RP Set Mis, Lane Wend 
| : M : ‘ie tor *roducts Corp., New Haven 4 
M & I I R 1 Co AT 
AMBIENT TEMPERATURES | CI Be dese sei dk alee i 
| ‘ & Iron Corp., Trentor 
} N.Y rx 
RATING WAXES and COMPOUNDS <RT oee: Tee 8 
1200 WATTS : 
Siwax Cort 44 Howard, Sk WIRE TERS and STRIPPERS 
115-230 VOLTS ac w M 
= -o Oo io 7 , WIRE ( TTIN f IERS a TWIST 
Mountings M & 7 : g ( a n en 
to meet all : xf ee WIRE RM 
requirements Products Dit juquier Ave., S 
a . aa al 
} Have 4. «x 
| WEDGES and PEGS, ARMATURE Ar s Wire and Cable Co., 25 Broad 
| tien . Core ¥ w York 4, N. ¥ 
< ag I e \ ‘ 4 Ww Buren, 
g ee > Ss b i w Breok 
& Br g < 
? ss & (x s f Ke 
i i 4 W aa” Wael 
f } | rt Huro 
7 , WELDINE EQUIPMENT = re Corp. Ma t Wir Div 
a «4 NCL | 5 EEE Oe Apr, Ses oe ME Go" 0 Latington ave 
aie ieee ak heat ake 
ae CLC LEMMUCLMM | cre (bee aha Page tie a an Din eideenar cae 
TEMPERATURE Ave, New York NY Wires, Ine... Shames Dr 
RANGE ff ri tinighouse Electric’ Corn, Gateway ¢ Ta’ 2, geen 
1 ' ean’ % 
0 O a ecte | t I ( New Ha 4 
0° to 600% F | 
pressure on outer shell | Wet murs, ran nes Hone Sor. John A. Bub 
WHEELS BLOWER ee o a \ 
@ EASY TO ADJUST OR SET BY ACCESSIBLE M g Co. Torrington, 4 te Specialties, Ine 8 Ma 
" N y 
SELF-LOCKING ADJUSTMENT SCREW 
WINDING MACHINES. See ¢ Wind WIRE MAGNETIC RECORDING 
@ VIBRATION AND SHOCK RESISTANT 
@ COMPLETELY SEALED @ PROVED IN SERVICE WIRE AND CABLE BARE WIRE MARKIN MACHINES 
Two of the exclusive features of the Ulanet FM Thermo ( WIRE. RESISTANCE 
stats are... Kors aa souk ane Oi Gees river v r B McCarter 
The complete lack of reliance on the expansion of the - cee. see SS ‘ Harr N. J. 
outer shell for make and break of contacts. This permits Pt Ge sha F his Mtge nig. dt ae ee aC ‘ peat ae 
greater mounting flexibility and freedom from erroneous ek NY. eae cae ee Hartford 1 
, : B : ssex Wire ¢ e and (a Iie uf 
operation when clamped or when slight pressure might be Fort Wayne. Ind K. Porter 
applied to the outer shell during us¢ 
2. Lead wires are mechanically strain relief protected to Dene ne eee ; 7 ses llias WIRE STRAIGHTENERS 
prevent external movement of the wire from being trans ae 
i 
ferred to the contact members in the enclosure Pa. (S 
The relatively low cost and stamina of these units ve “hes? hiatal Products Corp., Fort WIRE RIPPERS 
merits your immediate further investigation. Ulanet engi River Alloy Metal Div., H. K. Porter 
x } 7 : C Inc.. Riverside, N. J WIRE TIES 
neers will be glad to consult regarding specific applications Roebling’s ‘Sons Corp.. John A., Sub. of 4 _ 
. ‘ A Fuel & Iron Cort I 
The most complete line of Rugged ae 
tome Cat Cort Rome. N. ¥ 
PRECISION MINIATURE THERMOSTATS Ryerson & Son, Ine., Joseph T, Chicago WIRING DUCTS 
For Missiles, Electronic Control, Air i isms eee roles 
r ssiles € r 2 3 re 2 York N. ¥ . WIRIN HARNESSES 
raft, Computers, Autopilots, Trar L « 3 
istor Protection, Etc. Described and ‘a oe WIRE and CABLE. INSULATED 
re . ; oa me: 7] 4 ; . wi FEEDERS 
illustrated in Bulletins #56 and #57 i ct R - R 
} © ) Write for Technical Data Sheets : a Se e 
ae — eee ae ee ee ee ee rere CO U8! ee ( xial ¢ ¢ x 
\ . eo & WwW 1 ! a « WORMS i WORM WHEELS 
'GEORGE ULANET |: 
| | ‘ } ‘ 820 8 
: WRENCHES SOCKET SCREW s 
1 @ and Cable ¢ 1 
COMPANY Di rie wed Cable, Ce, 35 8 
T Ti | Mtg Co Aerx) Bure’ YARNS. BRAIDING and SERVING 
| Thermostats, Thermal Timers | Seceee he ERD 
| rx) 
| i ot Wire «% iil 
| 420 MARKET ST. NEWARK, N. J. | pore ae : ZINC 
i & « ro s f ¥ ‘ 7, ( 
ee ‘ er Cor Wa ( Y 
356 Circle 376 on page 17 





Faced with Transformer Problems...? 
Space Limitations? (|) Unorthodox Circuitry? (i Atmospheric Conditions? 


... Custom transformers, up to 200 KVA, designed and manufactured by LIGHT ELECTRIC 
to meet your most exacting specifications, may be the solution. The unusually high 
quality, inherent in custom design, reduces down-time and costly re-installations. 
AND...all LIGHT custom-made transformers contain materials especially 

selected to exceed your specification requirements, giving you an 

even greater margin of safety and long life. 


Call LIGHT ELECTRIC today for engineering consultation. 
Be sure to request your free copy of LIGHT’S new brochure. 


IN TRANSFORMERS...CUSTOM DESIGN MEANS LONG-RANGE ECOWOMY 


LIGHT ELECTRIC 
CORPORATION 


214 Lackawanna Ave., 
Newark 3, New Jersey 


Tel. HUmboldt 5-4110 


ee Ry 


a 


* TRANSFORMERS « SATURABLE REACTORS « FILTER REACTORS + AMPLISTATS « RELATED EQUIPMENT 
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def S 20 TO 200 D.P. 


SEND YOUR PRINTS FOR QUOTATION 


Popular package is 
8-oz. can fitted with 
Bakelite cap holding 
soft-hair brush for ap- 
plying right at aaah 
metal surface ready for 
layout in a few minutes 
The dark blue background 
makes the scribed lines 
show up in sharp relief, 
prevents metal glare. In- 
creases efficiency and 
accuracy. 


pean see Bis, Write for sample 


on compony letterhead 


koko “THE DYKEM COMPANY 
2303F North 11th St. « St. Lovis 6, Mo. 


Circle 378 on page 17 


Reader Inquiry Service 


the 
SPURS @ HELICALS @ WORM AND WORM GEARS 
New Components and Materials STRAIGHT BEVELS @ LEAD SCREWS @ ~~ RATCHETS 
Additional data from the supplier of any item reviewed CLUSTER GEARS @ RACKS @ INTERNALS ® ODD SHAPES 
Literature for the Design Engineer 


A copy of any manufacturer's publication reviewed IN GEARS 


Feature Article Reprints 
Single copies of selected feature articles 


Advertised Products 
More information on any product or service described. 


1035 PARMELE ST. ROCKFORD, ILLINOIS 
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Stromberg-Carlson 
‘“Push-to-talk’’ 


HANDSETS 


You'll find many valuable uses for 
Stromberg-Carlson’s ‘“Push-to 
talk” telephone handsets in your 
day-to-day operations. These in 
struments feature switch assemblies 
with various spring combinations 
mounted in the handles, actuated 
by a rocker-bar lever. A few typical 
ipplications: 













e Push-to-talk and Push-to-receive: 
for two-way radio communication 


e Push-to-open and Push-to-close 
external circuit: for use with dictat 
ing machines and in remote control 
operations 

You have a choice of two types of 
handset: No. 28, which is the stand 
ird model; and No. 29, a special 
high high-efficiency handset 
with Western Electric type receiver 
and transmitter. Available with 
either coiled or straight cord. 

For complete technical details on 
these handsets and 
other 
Carlson 


gain 


Stromberg- 

telephones 
and components for 
industrial use, send 
for Bulletin T-5005. 


Write to: 
s:C 
= RS 


STROMBERG-CARLSON 


VISION OF GENERAL DYNAMICS CORPORATION 
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TELECOMMUNICATION INDUSTRIAL SALES 
117 CARLSON ROAD, ROCHESTER 3, N. Y 


TRON AN OMMUNICATION PRODUCT 





HOME NC STRY AND DE 





Circle 381 on page 17 





SPACE IS VALUABLE... 


| cit itll call aul lh call eee 


iL 
A 


... on the front 
of this 


PRECISION 
5 SYSTEM 
ANALYZER. 


that’s why you'd 
expect to find the 


A.W.HAYDON 
Companys 
1 ELAPSED TIME 
INDICATORS 
Here! 


space to keep 
m, these really 
me Indicators will 


best of Electronic 


ites how the 
Sub- Miniature 


ind electronic 


models now in pre 


Bulletin AWH I 


< 


_AWAHAY DON Company 


234 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 


Design and Manufacture of Electro-Mechanical Timing Devices 
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OING TO WORK! 


We make a lot of Gearmotors here at Master. The point 


we've been selling more than all other makes combined. There 
‘ J; ee : 
are more Master Gearmotors in use than all others. Users buy 


al 


more. And you don’t find any foolish motor buyer 


m rs—or not 


So it’s obvious that Master Gearmotors simply must meet 
most requirements best. If you’re not a Master Gearmotor 


user, now’s the time to find out what you're missing! 


es 


IT’S TIME YOUR DRIVE REQUIREMENT MEETS ITS MASTER 


With five types of parallel and righ 
Jt 
Gearmotors, Master has the flexibility 


f 


of design you need. 


Master Gearmotors are available With electric motor and gea 
with all ster motor tvpes in right , : 
with all Master motor types in right a compact, integral power unit, you re 


“a 7 smu ¢paraich lim } 
and increase efficiency through elimination 


angi and parallel construction, 


of belts, couplings, chains, sprockets, 
external bearings or separate reducers 


LUCE 


They are available in sizes from 1% to 125 H.P. 
You can integrate with the gearmotor: 


electric brakes, 3 types of variable speed units 


ELECTRIC AND 
DIVISION OF ENGINEERING CO. 


Circle 102 on page 17 





i 
 & 
be . 
= -" 
TYPE sa‘* r 
a 
ei a 


TYPE w*. is. 


TYPE B 













nee 


\s- 


in 


TYPE D* 


- a 
se 


STEMCO THERMOSTATS 


the complete /ine for appliance and apparatus use 


The best way to check rising 
thermostatic control costs is to 
check up on the Stemco ther- 
mostat line while your product 
is in the planning stage. Since 
the Stemco line is the broadest 
line in the industry, there is a 
good chance that a standard 


production-line Stemco thermo- 
stat—or a minor variation 
thereof—will fill your special 
requirements exactly. That 
saves design and “‘lead”’ time... 
saves on development costs 
...gives a proven unit ata 
realistic cost. AA-294 





re doo FT] . . 
Car manufacturing company, inc. 
THERMOSTATS Lexington and Mansfield, Ohio 


*Refer to Guide 400 EO for U.L. and C.S.A. approved ratings. Patent Applied For. 
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